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SUMMARY 


The  Flood  Control  Work  Group  finds  that  flood  problems  exist  in 
the  Upper  Colorado  Region  and  that  substantial  flood  damage  can  be 
expected  in  the  future  unless  adequate  flood  damage  reduction  programs 
are  implemented.  It  is  estimated  that  the  total  average  annual  flood 
damage  in  1965  was  $2.8  million,  and  in  the  absence  of  additional  damage 
reduction  measures  the  flood  damage  will  Increase  to  $4.2  million  by 
1980,  $6.8  million  by  2000,  and  $10.6  million  by  2020. 

The  future  flood  damage  reduction  program  consists  of  non-structural 
flood  plain  management  measures,  utilization  of  proposed  multiple-purpose 
reservoirs  for  flood  control  storage,  and  construction  of  other  structural 
flood  control  works  where  required.  Flood  control  storage  in  future 
multiple-purpose  reservoirs  and  small  flood  retarding  structures  would 
amount  to  2,300,000  acre-feet.  Other  structural  measures  would  Include 
construction  of  9 miles  of  levees  and  improvement  in  the  flow  capacities 
of  11  miles  of  channels.  Non-structural  measures  would  Include  improved 
flood  forecasting,  dissemination  of  flood  hazard  information,  flood  plain 
zoning,  and  other  measures  by  local  authorities.  Flood  damages  would  also 
be  reduced  by  land  treatment  on  7,112,000  acres  under  watershed  management 
programs. 

It  is  estimated  the  program  presented  would  reduce  the  projected 
average  annual  flood  damage  to  $3.3  million  by  1980,  $3.4  million  by 
2000,  and  $3.8  million  by  2020.  The  damage  projections  are  based  on 
a modification  of  the  OBERS  baseline  projections  referred  to  as  the 
Regional  Interpretation  of  OBERS  (RI-OBERS) . OBERS  baseline  projections, 
three  State  Alternative  development  levels,  and  their  effect  on  the  flood 
control  program  are  discussed  in  Supplement  A. 

The  Incremental  installation  costs  of  the  program  are  estimated 
at  $14.8  million,  $29.9  million,  and  $15.1  million  in  the  1966-1980, 
1981-2000,  and  2001-2020  time  frames,  respectively.  Except  for  the 
small  detention  type  reservoirs  and  levee  and  channel  Improvements, 
these  costs  do  not  include  the  portion  of  total  costs  of  watershed  land 
treatment  and  water  control  facilities  related  to  flood  control  in  water- 
shed projects.  Such  costs  are  Included  in  the  overall  watershed  program 
costs  in  Appendix  VIII  - Watershed  Mianagement. 

The  future  flood  control  plan  contained  in  this  appendix  is  a 
preliminary  or  reconnaissance  level  plan  which  Indicates  the  seriousness 
of  the  flood  problem  and  furnishes  possible  solutions  to  these  problems. 
These  problems  and  solutions  should  be  studied  in  detail  followed  by 
timely  implementation  of  appropriate  flood  damage  reduction  measures. 
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Purpose  and  Scope 


The  purpose  of  this  appendix  is  to  present  an  assessment  of  the 
present  and  future  flood  problems  in  the  Upper  Colorado  Replon,  deter- 
mine future  flood  control  needs,  and  outline  a comprehensive  prorrem 
to  satisfy  these  needs.  The  material  Includes  a description  of  the 
replon,  a history  of  floods,  a description  of  exlstlnp  flood  control 
measures  and  their  accompllsliments , an  evaluation  of  remaininp  flood 
problems  and  future  needs,  and  a description  of  a possible  future 
flood  control  propram  required  In  1980,  2000,  and  2020  to  meet  these 
needs.  The  studies  are  limited  to  the  Colorado  River  Basin  upstream 
from  Lee  Ferry,  Arizona,  and  the  Creat  Divide  Closed  Basin  In  Wvomlnp. 

The  principal  source  of  data  used  herein  are  prior  studies  and 
reports  made  by  Federal  and  State  apencies.  These  data  were  updated 
to  base  year  (1965)  prices  and  conditions  of  development.  Where  data 
were  Incomplete  or  mlssinp,  basic  data  were  derived  by  comparison  with 
data  known  on  similar  stream  basins.  Values  of  flood  damape  derived 
for  the  base  year  were  projected  to  target  years  by  use  of  development 
factors  based  on  economic  growth  expected  in  the  flood  plains  In  the 
absence  of  future  flood  damage  reduction  measures. 

Future  conditions  were  based  upon  a field  adjustment  of  the  Depart- 
ment of  Commerce  Office  of  Business  Economics'  (OBF)  projections  of  popu- 
lation, personal  Income,  and  employment,  and  the  Department  of  Agriculture 
Economic  Research  Service's  (ERS)  projections  of  agricultural  production. 
Based  on  these  estimates  flood  damages  were  projected  to  the  target  years 
of  1980,  2000,  and  2020.  This  modification  of  the  OBE-ERS  baseline  pro- 
jections is  referred  to  as  the  Regional  Interpretation  of  OBFRS  (RI-OBERS). 
Both  sets  of  projections  are  presented  In  detail  In  Appendix  IV  - Economic 
Base  and  Projections.  Alternative  levels  of  economic  development  projections 
based  upon  the  use  of  6.5  and  8.16  million  acre-feet  of  water  use  have  been 
developed  as  well  as  a third  alternative  based  on  water  supply  available 
at  the  site  of  use.  These  alternatives  and  the  effect  on  the  flood  damage 
reduction  program  are  discussed  In  Supplement  A attached  to  this  report. 
Estimates  of  future  damages  were  considered  to  be  a measure  of  the  needs 
for  future  flood  damape  reduction  programs.  In  the  development  of  a plan 
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to  reduce  future  flood  danaRes,  consideration  was  given  to  controlled 
land  use  in  flood  plains  and  other  non-structural  flood  plain  manaRement 
practices;  to  construction  of  reservoirs  and  levees,  and  channel  improve- 
ments where  necessary  to  protect  existlnR  facilities  and  those  projected 
to  he  developed  in  flood  plains  in  the  future;  and  to  watershed  manaRement 
practices  where  appropriate.  Alternatives  were  selected  for  the  plan 
on  the  basis  of  projected  land  use  needs,  feasibility  of  non-structural 
measures,  necessltv  of  structural  improvements,  and  economy  of  alternatives. 
The  results  of  the  studies  are  presented  in  the  remainder  of  the  appendix 
and  are  summarized  in  the  subreRional  tabi  .'s  at  the  end  of  this  report. 


Objectives 

The  plannlnR  objectives  for  framework  studies  are  to  Rive  consid- 
eration to  the  timely  development  and  management  of  water  and  related 
land  resources,  and  to  the  preservation  of  resources  in  appropriate 
Instances  to  Insure  they  will  be  available  for  their  best  use  as 
needed,  with  the  well-being  of  all  the  people  as  the  overriding 
consideration.  Flood  damage  reduction  is  an  essential  part  of  this 
planning  process,  since  it  contributes  to  the  well-being  of  people  by 
preventing  loss  of  life,  human  suffering,  damage  to  property,  and  loss 
of  goods  and  services.  Complete  flood  protection  is  an  unrealistic 
goal  because  the  cost  of  protection  in  comparison  to  the  reduction  in 
damages  and  other  uses  of  land  and  water  resources  may  preclude  flood 
protection;  however,  flood  protection,  to  reduce  excessive  damages  and 
be  consistent  with  environmental  considerations  and  other  resource  uses, 
should  be  provided. 

In  consonance  with  these  general  guidelines,  the  objectives  of  the 
flood  damage  reduction  program  in  this  report  are  to  provide  flood  pro- 
tection from  at  least  a once-ln-lO-year  flood  for  agricultural  areas, 
and  protection  from  the  once-in-lOO-year  flood  up  to  the  Standard 
Project  Flood  for  urban  areas. 


Relationship  to  Other  Parts  of  Report 

The  Upper  Colorado  Region  Framework  Study  report  is  composed  of 
a main  report  and  16  appendixes.  Appendixes  I,  II,  and  III,  "History 
of  Study,"  "The  Region,"  and  "Legal  and  Institutional  Environments," 
furnishes  background  material.  Appendixes  IV,  V,  VI,  and  VII,  "Economic 
Base  and  Projections,"  "Water  Resources,"  "Land  Resources  and  Use," 
and  "Mineral  Resources,"  Include  basic  information  that  is  utilized  in 
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the  other  appendixes.  Appendixes  VIII-XV,  "Watershed  Manapement, " 

"Flood  Control,"  "Irrigation  and  Drainage,"  "Municipal  and  Industrial 
Water,"  "Recreation,"  "Fish  and  Wildlife,"  "Electric  Power,"  and  "Water 
Quality,  Pollution  Control,  and  Health  Factors,"  are  the  functional 
appendixes  of  the  report,  each  dealing  with  a particular  recognized 
phase  of  water  and  related  land  development,  use,  or  management. 

Appendixes  XVI  and  XVII,  "Shoreline  Protection  and  Development"  and 
"Navigation,"  are  not  applicable  to  this  region.  Appendix  XVIII, 

"General  Program  and  Alternatives,"  analyzes  the  resources,  demands, 
or  goals  of  the  region  and  presents  a framework  plan  and  alternative 
plans  of  how  demands  or  goals  can  best  be  met.  The  main  report  Is  a 
condensation  of  the  supporting  appendixes  and  will  Include  the  framework 
plan,  conclusions,  and  recommendations. 

Solutions  to  flood  problems  have  an  Impact  on  other  water  and  land 
resources  problems.  For  example,  future  reservoirs  used  for  flood  control, 
except  for  small  detention  reservoirs  In  watershed  areas,  will  also  be 
used  for  one  or  more  of  the  following  purposes:  Irrigation,  municipal 

and  Industrial  water  supply,  hydroelectric  power  production,  outdoor 
recreation,  fish  and  wildlife  conservation,  water  quality  control,  and 
possibly  other  purposes.  Non-structural  flood  plain  management  programs 
are  primarily  for  prevention  of  flood  damage,  yet  they  provide  excellent 
opportunities  to  restore  and  enhance  natural  beauty  and  to  develop 
recreational  facilities.  Including  parks,  golf  courses,  playgrounds, 
and  picnic  areas.  Facilities  provided  under  watershed  treatment 
practices  reduce  rates  of  flood  runoff,  increase  timber  and  range 
production,  provide  fire  and  sediment  control,  provide  opportunities 
for  outdoor  recreation,  and  increase  water  yield  for  better  crop  produc- 
tion. Thus,  solutions  of  flood  problems  in  this  appendix  are  closely 
related  to  solutions  of  other  water  and  land  resource  problems  covered 
in  other  appendixes. 


Description  of  the  Region 


The  Upper  Colorado  Region,  as  shown  on  Plate  1,  is  that  area 
drained  by  the  Colorado  River  upstream  from  Lee  Ferry,  Arizona,  and 
the  Great  Divide  Closed  Basin  in  south-central  Wyoming.  The  region 
is  located  between  the  Continental  Divide  and  the  Wasatch  Mountain 
Range  with  land  areas  In  Arizona,  Colorado,  New  Mexico,  Utah,  and 
Wyoming  totalling  113, A96  square  miles,  including  3,916  square  miles 
in  the  Great  Divide  Closed  Basin.  The  region  is  characterized  by 
rugged  mountains  and  narrow  valleys  cut  by  the  Colorado  River  and 
its  tributaries.  Elevations  range  from  about  14,000  feet  on  the 
highest  mountain  peaks  to  about  3,100  feet  at  the  level  of  the 
Colorado  River  at  Lee  Ferry. 
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The  rolorado  River  rises  on  the  west  side  of  the  Continental  Divide 
In  west-central  Colorado,  meanders  southwest  640  miles  through  Colorado 
and  Utali  to  Lee  Ferry  in  Arizona.  The  Green  River,  its  principal  tribu- 
tary, rises  in  the  mountains  of  western  Wyoming  and  flows  in  a southerly 
direction  730  miles  to  Its  junction  with  the  Colorado  River  in  southeastern 
Otah,  at  a location  220  miles  above  Lee  Ferry.  Other  large  tributaries 
of  the  Colorado  River  are  the  Gunnison,  Dolores,  and  San  Juan  Rivers. 

The  principal  streams  and  their  tributaries  are  in  some  locations  deeply 
entrenched  in  the  rugged  plateau  country  which  comprises  most  of  the 
region. 

The  climate  is  arid  to  semlarid  except  in  the  high  altitudes  in 
the  headwater  areas,  where  precipitation  is  moderately  heavy.  Wide  ranges 
In  the  climate  are  caused  by  differences  in  altitude,  latitude,  and  topog- 
raphv.  In  general,  the  climate  is  associated  with  Pacific  Ocean  air 
masses  which  move  Inland  from  the  west,  bringing  most  of  the  region's 
precipitation.  Seasonal  Influences  include  cyclonic  thunderstorms  that 
enter  into  the  southern  portion  of  the  region  from  the  Gulf  of  Mexico, 
and  Canadian  arctic  air  occasionally  extends  into  the  northern  portion 
of  the  region  during  the  winter  months. 

Tanperatures  vary  widely  due  to  seasonal  and  diurnal  effects  and 
differences  in  elevation.  Extremes  of  temperatures  range  from  -60*  F. 
at  Taylor  Park,  Colorado,  to  115®  F,  at  Lee  Ferry,  Arizona.  At  most 
climatological  stations,  mean  monthly  temperatures  are  lowest  in  January 
and  highest  in  July  and  have  about  a 50®  P.  difference.  Average  annual 
temperatures  vary  from  below  freezing  at  elevations  above  10,000  feet 
to  about  50®  F.  in  the  river  valleys  below  elevation  5,000  feet.  In 
general,  the  northern  portion  of  the  region  is  characterized  by  short, 
warm  summers  and  long,  cold  winters,  and  the  southern  portion  by  relatively 
longer  summers  and  more  moderate  winters. 

The  Upper  Colorado  Region  is  somewhat  Isolated  from  major  sources 
of  moisture  and  air  masses  have  to  cross  numerous  high  mountain  ranges 
and  travel  great  distances  on  their  way  to  the  region.  Thus,  preci- 
pitation is  low  except  in  the  high  mountain  areas.  The  average  annual 
precipitation  ranges  from  less  than  6 Inches  in  the  lowest  valleys  to 
50  Inches  or  more  in  the  highest  elevations.  For  most  of  the  region 
the  greatest  amount  of  precipitation  occurs  as  snow  during  winter  and 
spring.  However,  in  the  southern  portion,  maximum  monthly  precipitation 
often  occurs  in  July,  August,  and  September  as  the  result  of  summer 
thunderstorms . 

An  average  of  about  95  million  acre-feet  of  water  annually  is 
provided  by  precipitation  in  the  region.  About  80  million  acre-feet 
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of  the  total  Is  returned  to  the  atmosphere  by  evapotrausplr atlon. 

The  remaining  15  million  acre~feet  is  the  source  of  streamflow.  Some 
of  the  total  supply,  possibly  100,000  to  200,000  acre-feet  annually, 
recharges  the  ground  water  and  is  later  withdrawn  primarily  for  muni- 
cipal and  industrial  use.  Streams  originate  in  the  forested  watershed 
areas  and  are  fed  primarily  by  melting  snow  in  late  spring  and  early 
summer.  Normally,  high  rates  of  runoff  subside  by  late  July  to  near 
base  or  minimum  flow,  which  includes  spring-fed  headwater  contribution, 
return  flow  from  irrigation,  and  streambank  storage.  A small  amount 
of  runoff  originates  at  the  lower  altitudes  from  infrequent  storms. 
Approximately  75  percent  of  the  runoff  in  the  region  is  produced  on 
about  14,200  square  miles  or  13  percent  of  the  total  drainage  area. 

Runoff  in  the  Great  Divide  Basin  portion  of  the  region  is  small  and 
intermittent,  and  is  used  locally. 

The  population  of  the  region  in  1965  was  337,000.  The  annual 
rate  of  increase  in  population  since  1940  was  about  1 percent.  For 
the  same  period,  the  national  rate  of  increase  was  l.b7  percent  and 
the  rate  of  increase  for  the  11  western  states  was  3.34  percent.  The 
1965  population  density  was  about  3 persons  per  square  mile  of  area. 

The  national  average  was  about  64  persons  per  square  mile.  There  are 
no  large  metropolitan  centers.  The  largest  cities  and  their  populations 
in  1965  are  Grand  Junction,  Colorado  (22,400),  Farmington,  New  Mexico 
(21,000),  Durango,  Colorado  (11,200),  and  Rock  Springs,  Wyoming  (10,300). 
All  the  other  communities  had  populations  of  less  than  10,000.  Only 
about  37  percent  of  the  region's  population  live  in  urban  areas  with 
more  than  2,500  inhabitants. 

Industries  that  provide  opportunities  for  employment  are  the  services, 
agriculture,  forest  products,  mining,  and  the  manufacturing  of  food  and 
kindred  products.  Tourism  is  important  to  the  economy  since  several 
national  forests,  parks,  and  monuments  in  the  region  attract  vacationers 
from  throughout  the  nation.  The  region  is  served  by  two  transcontinental 
railroads  and  a good  highway  network. 

The  Upper  Colorado  Region  is  divided  into  three  subregions  for 
framework  study  purposes,  as  indicated  on  the  frontispiece  map  and 
Plate  1.  The  subregions  and  their  areas  are  listed  in  the  following 
tabulation. 
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Area  in 


Subregion  sn.  ml. 

Green  River  48,660 

Upper  Main  Stem  26,192 

San  Juan-Color ado  38,644 

Regional  total  113,496 


The  population  projections  were  based  on  political  (county)  boundaries. 
The  hydrologic  (drainage)  boundaries  seldom  conform  to  the  county  lines; 
however,  for  the  purpose  of  this  study,  the  projections  are  considered  to 
be  quite  close  and  representative  of  the  hydrologic  area  populations.  The 
1965  and  future  populations  based  on  the  Regional  Interpretation  of  OBERS 
projections  are  shown  in  the  figure  following  this  page  (excluding  the 
portion  of  the  region  in  Arizona). 
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Flooding  along  the  flood  plains  of  major  streams  in  the  Upper  Colorado 
Region  is  almost  always  the  result  of  rapid  snowmelt  in  late  spring  and 
early  summer.  These  floods  often  are  augmented  by  rain.  In  the  southern 
portion  of  the  region  general  rainstorms  occasionally  produce  overbank 
flows.  Intense  summer  storms  are  a frequent  occurrence  throughout  the 
region.  These  storms  produce  high  peaks  and  small  volumes  of  runoff. 

They  often  cause  heavy  damage  to  local  areas,  and  the  aggregate  damage 
from  this  type  of  summer  storm  is  a large  portion  of  the  total  average 
annual  flood  damage  in  the  region. 

Many  floods  have  occurred  in  the  region;  however,  damages  caused 
by  most  of  these  floods  were  not  recorded  due  primarily  to  the  limited 
number  of  people  affected  in  the  sparsely  settled  areas  which  were 
flooded.  On  a basin-wide  scale  the  largest  recent  flood  in  the  region 
occurred  in  June-July  1957  when  most  of  the  major  streams  overflowed. 

Other  years  in  which  widespread  flooding  occurred  were  1911,  1917,  1921, 
1937,  and  1952,  Flood  damage  in  Grand  Junction,  Colorado,  from  a flood 
on  Indian  Wash  in  June  1958  is  shown  in  the  upper  photo  following  page  8. 
Possibly  the  most  disastrous  flood  of  record  occurred  on  Sheep  Creek, 
a tributary  of  Green  River,  in  June  1965,  as  a result  of  heavy  rain  on 
snow.  Seven  lives  were  lost  in  this  flcod  which  also  destroyed  roads, 
bridges,  campgrounds,  and  other  developments  with  total  damages  estimated 
at  about  $800,000.  On  31  July  1969  a cloudburst  flood  (see  lower  photo 
following  page  8)  on  a small  tributary  to  the  San  Miguel  River  located 
in  the  Upper  Main  Stem  Subregion,  damaged  the  town  of  Telluride,  Colorado 
(1969  population  900).  The  flood  destroyed  5 homes,  damaged  20  others, 
and  inflicted  losses  to  private  and  public  properties.  The  damage  was 
estimated  at  $150,000.  Data  concerning  past  floods,  for  which  historical 
flood  damage  data  are  available  from  field  surveys,  are  indicated  in 
Table  A,  page  8. 
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Table  A 

HTSTORICAI.  FI.OOF)S 


Subreg ion 

: Stream 

: Date  of 

: f lood 

: Flood  damage 

: at  time 

: of  flood 

: in  $1,000 

Green  Plver 

Price  River 

Jun  1917 

380 

Bitter  Creek 

Jul  1937 

258 

Fortification  Creek 

Mar  1947 

37 

Duchesne  River 

Jun  1952 

103 

Yampa  River 

Jun  1952 

178 

Green  River 

Jun  1957 

155 

Sheep  Creek 

Jun  1965 

802 

White  River 

Mar  1966 

88 

Upper  Main 

Stem 

Mill  & Pack  Creeks 

Aug  1935 

62 

Colorado  River 

Jun  1952 

69 

Colorado  River 

Jun  1957 

192 

N.  Fork  Gunnison  R. 

Jun  1957 

87 

Gunnison  River 

Jun  1957 

239 

Dolores  River 

Apr  1958 

229 

Uncompahgre  River 

Jun  1958 

65 

Cornet  Creek 

Jul  1969 

150 

San  Juan- 

Coloado 

San  Juan  River 

Oct  1911 

360 

Animas  River 

Jun  1927 

166 

Animas  River 

May  1941 

43 

Aztec  Arroyos 

Aug  1965 

92 

Animas  River 

Sep  1970 

717 

Detailed  Information  concernlnR  some  of  the  above  listed  floods  and 
several  other  floods  of  record  Is  given  In  Table  1. 
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Flooding  of  Residential  area  in  Grajid  Junction,  Colorado 
from  Indian  Wash  during  flood  of  6 June  1958 . 


Flood  damage  at  Telluride,  Colorado  from  31  July  1969 
cloudburst  storm  on  Cornet  Creek,  a San  Miguel  River 
tributary. 
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Flood  damafEe  reduction  and  prevention  Is  accomplished  by  structural 
measures  such  as  flood  control  reservoirs,  floodwater  retarding  structures, 
and  levees  and  channels;  and  non-structural  measures  such  as  land  treatment, 
flood  forecasting,  and  non-structural  flood  plain  management  measures  such 
as  zoning  and  building  regulations.  Flood  control  measures  In  operation 
In  1965  are  discussed  below. 


Flood  Forecasting 

Peak  flow  and  flood  forecasts  are  Issued  to  alert  urban  and  agri- 
cultural areas  of  impending  flood  situations  and  provide  them  the  oppor- 
tunity for  instituting  emergency  measures  to  minimize  damages.  Emergency 
measures  may  Include  evacuation  of  persons,  livestock,  movable  property, 
and  preparation  of  temporary  protective  structures. 

Types  of  river  and  flood  forecasts  that  have  proven  necessary  are 
sunmarized  as  follows: 

a.  Snowmelt  runoff  from  an  above  normal  snowpack.  The  greatest 
runoff  potential  Is  from  heavy  snow  cover  at  Intermediate  elevations 
during  periods  of  unseasonally  high  temperatures  followed  by  rain. 

b.  Runoff  from  heavy  rain  on  a melting  snowpack,  usually  late  In 
spring.  The  flood  potential  Increases  as  the  rain  becomes  warmer  at 
upper  levels. 

c.  Runoff  from  winter  rain,  usually  on  frozen  ground  and  with  an 
existing  snow  cover  on  lower  and  Intermediate  elevation  valley  floors. 

This  Is  an  Infrequent  event  In  the  region. 

d.  Forecasts  of  flash  floods  due  to  summer  cloudburst  storms  are 
based  primarily  on  quantitative  precipitation  forecasts  from  radar 
echoes  and  precipitation  reports. 

Long-range  runoff  volume  forecasts,  from  which  approximate  snoMnelt 
peaks  and  high  water  flows  can  be  projected,  are  prepared  and  published 
In  the  "Water  Supply  Outlook  for  the  Western  United  States"  by  the 
National  Weather  Service  (National  Oceanic  and  Atmospheric  Administration) 
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and  for  each  state  In  the  "Water  Supply  Outlook"  by  the  Soil  Conservation 
Service,  These  publications  are  issued  as  of  the  first  of  January  and 
are  updated  monthly  through  the  first  of  May.  Information  used  In  making 
forecasts  are  furnished  by  Federal,  State,  local,  and  private  organizations 
who  have  access  to  precipitation,  snow  course,  and  river  stage  data. 
Agencies  with  operational  responsibilities  for  dams  and  reservoirs  use 
runoff  and  flood  forecasts,  together  with  information  developed  in  their 
respective  agencies,  to  determine  flood  routings  through  reservoirs  so 
that  downstream  damages  are  held  to  a minimum. 


Flood  Control  Reservoirs 


There  are  110  reservoirs  with  1,000  acre-feet  or  n»ore  of  storage 
capacity  In  operation  in  the  Upper  Colorado  Region.  There  are  also 
numerous  smaller  reservoirs  and  stock  watering  ponds  which  provide 
sediment  storage  and  erosion  control  and  may  retard  peak  flows  in  small 
local  areas.  Some  of  the  small  reservoirs,  constructed  by  private 
interests  several  decades  ago,  may  be  Inadequate  during  large  floods 
causing  additional  damage  in  small  localized  areas  if  overtopped;  however, 
the  dams  are  on  small  stream  courses  in  thinly  populated  areas  and  do  not 
pose  a serious  threat  under  present  or  foreseeable  conditions.  The  combined 
total  storage  capacity  of  the  larger  reservoirs  Is  about  36,000,000  acre- 
feet,  including  Lake  Powell  (Glen  Canyon  Dam)  with  a capacity  of  27,000,000 
acre-feet.  lake  Powell  is  located  at  the  downstream  end  of  the  region 
and  has  no  measurable  effect  on  flood  problems  In  the  region.  If  Lake 
Powell  is  excluded  from  the  regional  total  there  would  remain  about  9,000,000 
acre-feet  of  storage  that  reduces  flood  peaks  and  flood  damage,  most 
of  which  Is  not  operated  specifically  for  flood  control.  This  total  storage 
capacity  also  Includes  dead  or  Inactive  storage.  Flaming  Gorge  Reservoir 
(capacity  3,789,000  acre-feet)  on  Green  River,  Lake  Granby  (capacity 

540.000  acre-feet)  on  Colorado  River,  Strawberry  Reservoir  (capacity 

258.000  acre-feet)  on  Strawberry  River,  and  Taylor  Park  Reservoir  (capacity 

106.000  acre-feet)  on  Taylor  River  are  examples  of  large  storage  units 
in  the  region  that  are  not  operated  for  flood  control,  yet  they  reduce 
the  peaks  of  most  floods  by  substantial  amounts.  Data  concerning  current 
(1965)  major  multiple-purpose  reservoirs  In  the  region  that  are  specifically 
operated  for  flood  control  on  a flood  forecast  basis  and  watershed  reser- 
voirs operated  primarily  for  flood  control  are  listed  In  the  following 
tabulation  and  shown  on  Plate  1.  (Blue  Mesa  Reservoir  which  began  filling 
In  1965  and  Morrow  Point  Reservoir  completed  In  1967  currently  provide 
flood  control  on  Gunnison  River.) 
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Subregion  : 
and  : 

State  : 

Reservoir 

; :Max,  flood  control: 
: Stream  : storage  capacity  : 
: : (1,000  ac.-ft.)  : 

Drainage  area 
controlled 
(square  miles) 

Upper  Main 

Paonla 

Muddy  Creek 

17.0 

250 

Stem 

Indian  Wash 

Indian  Wash 

1.0 

15 

(Colorado) 

Roatcap 

Roatcap  Wash 

1.0 

17 

Subregion 

totals 

19.0 

282 

San  Juan- 

Valleclto 

Los  Pinos  River 

125.9 

270 

Colorado 

Lemon 

Florida  River 

39.0 

78 

(Colorado) 

Pine  River 

Pine  River 

0.1 

3 

(New  Mexico) 

Navajo 

San  Juan  River 

1,036.0 

3.230 

Subregion 

totals 

1.201.0 

3.581 

Region  totals 

1,220.0 

3,863 

Roatcap  Wash  Reservoir  is  shown  in  the  photo  below.  The  reservoir  was 
partially  filled  with  water  and  floating  debris  during  a cloudburst 
flood  on  20  July  1969. 


Roatcap — a flood  detention 
reservoir  on  Roatcap  Wash,  Colorado. 
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Two  existing  multiple-purpose  reservoirs,  Navajo  and  Vallecito,  with 
storage  operated  for  flood  control  on  a forecast  basis,  are  shown  in 
the  photos  following  this  page. 


Levees  and  Channels 


There  were  no  permanent  type  levee  and  channel  projects  in  the 
Upper  Colorado  Region  in  1965.  Emergency  work  had  been  accompll^ed 
under  Federal  authorities  at  several  locations  in  anticipation  of 
floodflows  and  to  restore  channels  destroyed  by  floods.  Such  work 
consisted  of  bank  protection,  snagging  and  clearing,  and  realignment 
of  channels.  The  total  cost  of  emergency  work  under  Federal  authority 
in  the  region  through  1965  was  $275,000.  Locations  where  most  of  the 
work  was  accomplished  are  White  River  near  Bonanza,  Utah;  Duchesne  and 
Strawberry  Rivers  at  Duchesne,  Utah;  Ashley  Creek  near  Vernal,  Utah; 
Dolores  River  at  Dolores  and  Rico,  Colorado;  and  San  Juan  River  at 
Bluff,  Utah.  Local  Interests  have  expended  considerable  time  and 
funds  to  rebuild  damaged  irrigation  facilities,  local  roads,  and  other 
improvements  damaged  by  flood,  but  specific  data  on  such  repairs  are 
not  available. 


Watershed  Management  Programs 

Under  authority  of  the  Congress,  the  Federal  Gcjvernment  cooperates 
with  states  and  local  agencies  in  the  planning  and  Implementation  of 
works  of  Improvement,  including  structural  and  land  treatment  measures, 
for  watershed  protection  and  flood  prevention.  Under  this  authority, 
Roatcap,  Indian  Wash,  and  Pine  River  Reservoirs  listed  In  the  tabulation 
on  page  11  were  constructed  and  placed  in  operation  prior  to  1965. 

The  Federal  land  managing  agencies  have  the  responsibility  under 
authorized  watershed  managanent  programs  to  provide  protection  for  the 
soil  and  vegetal  cover  on  over  43  million  acres  of  land  in  the  region. 

This  area  is  about  60  percent  of  the  region's  total  land  area.  The 
remaining  land  in  state,  Indian  trust,  many  individual,  and  corporate 
holdings  has  a coordinated  program  for  watershed  management  with  multiple 
objectives  and  benefits.  Technical  assistance  is  provided  to  private 
owners  by  several  federal  agency  programs  to  meet  watershed  treatment 
needs.  Watershed  management  programs,  which  are  designed  to  benefit 
other  functions  as  well  as  flood  control,  contribute  to  Increasing 
local  water  Intake  and  to  reducing  peak  flows  and  sediment  yield  to 
downstream  reaches.  Detention,  check  and  drop  structures,  diversion 
dams,  and  dikes  are  structural  components  of  watershed  management  program. 


12 


PART  ITT 


PRKSKNT  STATUS  OF  FT,OOn  CONTROL  MFASURFS 


ValTecito  - A multipurpose  reservoir  on  Los  Pinos  (Pine) 
River  in  Colorado. 
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Those  structures  In  combination  with  treatment  such  as  brush  and  weed 
control,  fire  control,  watershed  tillage,  and  revepetation  reduce  peak 
runoff,  erosion,  and  sediment  yield.  About  9.0  million  acres  of  land 
were  treated  for  reduction  of  erosion,  sediment,  and  storm  runoff 
through  1965.  Selected  existing  and  future  watershed  treatment  areas 
are  shown  on  Plate  1.  The  existing  treated  acreages  are  shown  by 
subregion  and  state  in  the  following  tabulation. 


Subregion 

: : 

Existing  Watershed 

Treatment 

: State  : 

Private  : 

Federal 

1,000  acres 

1,000  acres 

Green  River 

Colorado 

1,887 

80 

Utah 

2,  352 

156 

Wyoming 

1,100 

127 

Subtotal 

5,  339 

363 

Upper  Main  Stem 

Colorado 

1,257 

381 

Utah 

90 

89 

Subtotal 

1,347 

470 

San  Juan-Colorado 

Arizona 

97 

4 

Colorado 

667 

26 

New  Mexico 

473 

138 

Utah 

243 

125 

Sub  to  tal 

o 

CO 

293 

Region  total 

8,166 

1,126 

Typical  examples  of  watershed  practices  are  shown  in  the  four  photos 
following  page  lA.  Additional  discussion  and  tabulations  of  existing 
watershed  protection  measures  are  given  in  Appendix  VIII,  Watershed  Manage- 
ment. 


Accomplishments  of  Existing  Flood  Control  Program 

The  accomplishments  of  existing  flood  control  programs,  which  have 
reduced  flood  peaks  and  damages  on  the  particular  streams  they  protect 
are  discussed  in  the  following  paragraphs. 
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The  pref?ent  system  of  river  forecasts  provide  Federal,  state,  and 
local  authorities  with  information  concerning  runoff  volumes  and  peaV 
flows  from  snowmelt  and  general  rain  floods.  This  information  Is  used 
in  the  operation  of  existing  reservoirs  with  designated  flood  space  to 
reduce  peak  outflow  and  to  control  floods  to  downstream  capacities, 
insofar  as  possible.  Utilization  of  forecasts  for  operation  of  reser- 
voirs with  flood  control  space  has  been  effective  in  reducing  flood 
peaks  and  damages  and  perhaps  prevented  the  loss  of  life.  Through  the 
use  of  radar,  conditions  favorable  to  the  summer  cloudburst  type  storm 
are  observed  and  the  information  disseminated.  Due  to  incomplete  radar 
coverage  in  this  sparsely  settled  area  the  predictions  of  cloudburst 
type  storms  are  given  for  general  areas  rather  than  specific  locations. 
Accordingly,  at  this  time,  flash  flooding  on  any  particular  stream 
cannot  be  forecast  sufficiently  in  advance  to  allow  for  corrective  or 
preventive  actions  to  avoid  damage. 

About  1,217,900  acre-feet  of  reservoir  capacity  has  been  designated 
for  flood  control  use  on  a flood  forecast  basis  In  existing  multiple- 
purpose  reservoirs  and  a total  of  about  2,100  acre-feet  of  flood  storage 
exists  in  three  watershed  reservoirs  in  the  region.  Most  of  the  multiple- 
use  capacity  (1,036,000  acre-feet)  Is  in  Navajo  Reservoir  on  San  Juan 
River.  Several  of  the  major  reservoirs  in  this  category  are  identified 
in  the  tabulation  on  page  11.  In  addition  to  the  dedicated  flood  control 
storage,  there  is  nearly  8,000,000  acre-feet  of  storage  in  the  region 
which  is  not  operated  for  flood  control,  but  does  provide  incidental 
flood  damage  reduction. 

It  has  been  noted  from  past  experience  that  the  existing  reservoirs 
have  helped  to  reduce  flood  peaks  and  damage;  however,  they  have  not  been 
tested  by  large  floods,  and  specific  data  are  not  available  concerning 
their  full  effectiveness  to  reduce  peak  flows,  areas  subject  to  flooding, 
and  flood  damage.  Estimates  were  made  of  the  amount  of  damage  that  would 
have  been  prevented  by  several  of  tne  reservoirs  had  they  been  in  oper- 
ation during  selected  historical  floods.  These  estimates  are  indicated 
as  follows: 
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rermcinp  to  reduce  sediment  yield  and  runoff  on  steep 
'iountain  slopes. 


Trenchinf;  and  furrowing  on  the  National  Forest  to  control 


sediment  movement  and  runoff. 
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PART  III 


PRESENT  STATUS  OF  FLOOD  CONTROL  MEASURES 


Subregion  : 
and  : 

State  : 

Reservoir 

Date  : 

of  : 

flood  : 

Estimated  reduction 
in  flood  damage 
credited  to  reservoir 
(1965  prices) 

Upper  Main 
Stem 

Paonia 

U 

Jun  1957 

$ 17,000 

(Colorado) 

Indian  Wash 

6 

Jun  1958 

22,000 

San  Juan- 
Colorado 
(Colorado) 

Vallecito 

Lemon 

^ 5 

Oct  1911 

*>  1,550,000 

(New  Mexico) 

Navajo 

1 

> 

r 

Studies  Indicate  the  existing  multiple-purpose  reservoirs  will 
reduce  floodflows  on  the  streams  they  protect  to  bankful  capacity  for 
floods  expected  to  occur  more  often  than  once  in  about  20  years  on  the 
average  and  will  have  some  effect  on  flows  expected  in  the  once  in 
50-75  year  frequency  range.  Flood  damage  prevented  by  these  reservoirs 
ranges  from  about  30  to  50  percent  of  the  average  annual  damage  expected 
without  the  reservoirs.  The  small  watershed  reservoirs  were  designed 
to  reduce  the  100-year  floodflow  to  bankful  capacities  at  the  reservoir 
sites  and  prevent  about  80  percent  of  the  downstream  damage  on  the 
individual  streams.  An  exception  is  the  Pine  River  Reservoir  which 
was  designed  to  control  the  25-year  flood. 

There  were  no  permanent  type  levee  and  channel  works  in  the  region 
in  1965.  The  limited  number  of  emergency  type  channel  improvements 
provided  by  Federal  agencies  and  local  interests  are  considered  to  be 
temporary  and  no  evaluations  of  their  effects  on  floods  were  considered. 

Watershed  treatment  has  been  applied  to  about  9.3  million  acres, 
which  is  12,9  percent  of  the  total  land  area  In  the  region.  This  work 
is  effective  in  reducing  flood  threats  to  local  areas,  but  due  to  the 
small  area  treated,  the  overall  effect  on  the  region's  flood  problems 
is  minor.  Much  additional  watershed  treatment  work  is  needed.  There 
are  many  watershed  locations  where  land  treatment  is  not  feasible  or 
desirable.  Scenic  areas  will  be  retained  in  their  natural  untreated 
condition. 
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The  area  subject  to  flood  damage  in  the  Upper  Colorado  Region  Is 
only  a small  percentage  of  the  total  area.  Many  streams  are  Incised  in 
some  reaches  with  narrow  flood  plains  where  economic  development  is  not 
practical  and  where  flood  corrective  or  preventive  measures  are  not 
needed.  In  other  stream  reaches  the  flood  plains  are  broader,  encompassing 
all  or  a portion  of  wide  mountain  valleys  where  agricultural  or  urban 
development  has  occurred.  In  these  flood  plains,  and  in  others  where 
new  economic  development  is  expected,  reduction  of  future  flood  damage 
is  needed  either  by  structural  improvements  such  as  reservoirs,  levees, 
or  channel  works  or  by  non-structural  measures  as  discussed  in  Part  VI, 
Measures  Required  to  Satisfy  Future  Needs. 

Due  to  the  sparse  population  and  lack  of  extensive  economic  devel- 
opments in  the  flood  plains,  flood  losses  have  not  been  extensive  or 
retarded  economic  growth  a significant  amount.  In  recent  years  there 
has  been  substantial  growth  In  several  of  the  urban  areas  and  more  Inten- 
sive use  Is  being  made  of  agricultural  areas.  This  accelerated  growth 
has  Increased  land  values  and  developments  so  that  flood  donage  Is  becoming 
more  serious  than  it  was  in  the  past.  Based  on  projections  of  population 
increase  and  economic  growth  the  trend  Is  expected  to  continue  In  the 
future. 

There  are  about  100,000,  50,000,  and  70,000  acres,  respectively, 

In  the  flood  plains  of  the  principal  rivers  and  streams  In  the  Green 
River,  Upper  Main  Stem,  and  San  Juan-Colorado  Subregions.  Streambank 
overflow  and  damage  along  these  larger  rivers  and  streams  are  caused 
primarily  by  rapid  snovanelt  In  the  spring  and  early  summer  and  by  an 
occasional  winter  rain.  Floods  on  the  small  watershed  streams  result 
from  snowmelt,  winter  rain,  and  Intense  simmer  storms.  Also,  Ice 
conditions  often  block  flow  In  many  of  the  streams  in  the  region  and 
causes  water  to  spread  over  adjacent  areas.  An  example  of  Ice  condi- 
tions on  the  Gunnison  River  in  December  1968  Is  shown  In  the  upper 
photo  following  page  18,  This  particular  condition  resulted  in  consid- 
erable damage  to  summer  homes  and  recreation  areas  along  the  stream. 

Other  types  of  damage,  including  damage  to  irrigation  facilities,  bridges, 
roads,  harvested  hay,  and  farm  buildings,  are  also  caused  by  ice.  Snow- 
melt and  rain  floods  produce  damage  by  Inundating  property,  eroding  lands, 
depositing  silt  on  crops  and  by  destroying  Irrigation,  communication, 
utility,  and  transportation  systems.  The  lower  photo  following  page  18 
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shows  an  alfalfa  field  covered  with  debris  resulting  from  a cloudburst 
flood  occurrinp  August  1960  on  Roatcap  Wash,  Upper  Main  Stem  Subregion. 
Floods  also  damage  campgrounds  and  recreation  and  wildlife  facilities 
in  addition  to  other  types  of  property  damage  mentioned  above. 

The  intense  summer  storms  are  of  short  duration  and  produce  high 
peak  flows,  low  volumes  of  runoff,  and  large  local  damage.  The  size 
of  the  peak  flow,  volume  of  runoff,  and  amount  of  sediment  produced  by 
a given  storm  is  affected  by  total  precipitation,  intensity  of  precipi- 
tation, topography,  type  of  soil,  and  type  and  condition  of  ground  cover 
upon  which  the  rain  falls. 

The  following  sketches  indicate  the  percent  of  runoff  and  soil  loss 
on  an  experimental  plot  with  all  factors  constant  except  ground  cover. 
Although  the  results  may  not  have  general  application,  they  do  Indicate 
that  runoff  and  erosion  increase  wtien  vegetation  is  removed  from  watersheds 
and  where  natural  ground  cover  in  built-over  areas  is  replaced  with  pavement 
and  roof  surfaces. 


The  cloudburst  type  flood  is  difficult  to  control.  Methods  that  have 
been  used  Include  a combination  of  land  management  and  treatment  and 
small  water  control  structures. 

(,'rban  centers  in  the  region  that  have  experienced  flood  damage  and 
are  expected  to  experience  damage  in  the  future  are  listed  in  the  tabu- 
lation on  page  19. 
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Ice  conditions  on  Gunnison  Iliver  above  Blue  Kesa  Reservoir 
in  December  1968,  Typical  of  winter  conditions  on  many 
streams  in  the  region. 


Alfalfa  field  covered  with  debris  from  cloudburst  flood 
on  Hoatcap  Wash  in  August  1960. 
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Subregion  : 

Urban  centers 
with  flood  problems 

: Stream 

Green  River 

Rock  Springs,  Wyoming 

Bitter  Creek 

Craig,  Colorado 
Steamboat  Springs, 

Fortification  Creek 

Colorado 

Yampa  River 

Duchesne,  Utah 

Duchesne  River 

Vernal-Jensen,  Utah 

Ashley  Creek 

Price-Helper,  Utah 

Price  River 

Upper  Main  Stem 

Grand  Junction, 

Colorado  & 

Colorado 

Gunnison  Rivers 

Delta,  Colorado 

Gunnison  & Uncom- 
pahgre  Rivers 

Montrose,  Colorado 

Uncompahgre  River 

Moab,  Utah 

Mill  & Pack  Creeks 

Dolores,  Colorado 

Dolores  River 

San  Juan-Colorado 

Farmington,  New  Mexico 

Washes  B&C 

Farmington,  New  Mexico 

Animas  River 

Shlprock,  New  Mexico 

San  Juan  River 

Aztec,  New  Mexico 

Aztec  Arroyos 

Durango,  Colorado 

Junction  Creek  & 
Animas  River 

Lands  subject  to  flooding  are  for  the  most  part  irrigated  pasture, 
natural  hay  meadows,  and  range.  In  many  areas,  spring  floodwater 
provides  early  irrigation  and  thus  is  a benefit  to  the  economy.  How- 
ever, on  a region-wide  basis,  floods  generally  cause  damage  to  agri- 
cultural areas. 

Streambank  erosion  is  widespread  on  most,  if  not  all  streams.  Land 
lost  through  erosion  produces  silt  that  deposits  in  downstream  channels 
and  reservoirs,  and  thus  reduces  their  capacity  and  economic  life.  Based 
on  very  preliminary  data,  it  appears  that  in  1965  there  were  about  180 
miles  of  serious  streambank  erosion  along  the  main  streams  and  tributaries 
in  the  region.  The  annual  loss  of  land  is  in  the  order  of  300  to  AOO 
acres  and  the  monetary  loss  about  $100,000.  Additional  erosion  problems 
in  the  watershed  areas  are  discussed  in  Appendix  VIII  - Watershed  Management. 

Estimates  of  future  average  annual  flood  damages  were  based  on 
the  RI-OBERS  projections  using  1965  prices  and  conditions  of  development 
as  a base.  Estimates  of  average  annual  flood  damages  in  1965  were  made 
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by  the  s tandard-daniage-f low  frequency  analysis  for  nine  classifications 
of  property  ana  land  use  defined  below.  Average  annual  flood  damages 
were  estimated  to  be  $2,792,000  in  1905.  Projections  of  1965  damages 
to  target  year  1980,  2000,  and  2020  are  discussed  under  "Future  Needs." 

Forest  and  range  resources.  - Losses  or  reduced  yields  from  timber- 
lands,  brushlands,  rangeland,  creek  bottom  meadows,  and  wildlife  and 
fishery  habitat  in  forested  areas. 

Forest  and  range  facilities.  - Damages  to  campgrounds,  recreation 
facilities  (family  units,  water  systems,  picnic  facilities),  fences  and 
corrals,  wildlife  facilities,  roads,  trails,  and  bridges. 

Crop  and  pasture.  - Damages  to  farmland  such  as  crop  loss  or  reduced 
yield  or  quality,  increased  production  costs  resulting  from  flooding  and 
spreading  of  diseases  and  weed  infestation,  the  inability  to  grow  crops 
best  adapted  to  the  area,  and  crop  losses  due  to  suspension  of  Irrigation 
water  delivery  or  other  loss  of  water. 

Other  agricultural.  - Losses  of  stored  crops  and  livestock,  damage 
to  machinery  and  fences,  farm  buildings  and  facilities,  farm  bridges 
and  roads,  and  damage  to  farm  levees.  Irrigation  and  drainage  systems. 

Land.  - Damages  caused  by  erosion  and  sediment  deposition.  These 
damages  may  be  occurring  on  forest  land,  rangeland,  intensively  culti- 
vated farmland,  urban  land,  etc.  It  includes  land  lost  during  flooding 
to  gullies,  streambank  cutting,  channel  changes,  flood  plain  scour,  and 
landslides  caused  by  flooding.  It  also  includes  land  rendered  unpro- 
ductive or  less  productive  due  to  sediment  deposition. 

Residential  damage.  - Damage  to  single  and  multiple  residences, 
houses,  and  apartments,  including  structures,  contents,  and  property 
Improvements . 

Commercial  damage.  - Damage  to  businesses,  hotels  and  motels, 
stores,  and  service  establishments.  Including  structures,  furnishings, 
inventories,  and  property  Improvements  and  loss  of  business  and  wages 
resulting  from  this  damage. 

Industrial  and  utility  damage.  - Damage  to  manufacturing,  processing, 
and  fabricating  plants  and  facilities,  communication  and  utility  lines 
and  facilities,  railroad  lines,  equipment  and  facilities;  and  losses 
resulting  from  the  impact  of  these  damages  on  the  local  and  regional 
economy . 
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Public  facilities  damage.  - D£unape  to  highways  and  bridges,  levee 
svstems,  irrigation  diversions  and  canals,  improved  stream  channels, 
municipal  facilities,  and  public  schools,  all  of  which  propertv  is 
owned  or  administered  by  public  agencies  or  non-profit  political  and 
semi-political  organizations.  Included  in  this  classification  are 
expenditures  by  Federal,  state,  and  local  agencies  for  flood  fighting, 
repairing  flood  control  works,  and  caring  for  evacuated  people;  costs 
for  adjudicating  suits  for  flood  damages;  and  losses  to  the  traveling, 
public  resulting  from  damaged  highways  and  bridges. 
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Projection  Methodology 


To  adequately  appraise  the  future  needs  for  flood  damage  reduction, 
an  evaluation  of  the  expected  future  trends  in  average  annual  flood  damages 
was  undertaken.  These  projections  of  flood  damages  were  used  to  identify 
potential  problem  areas  where  future  structural  and  non-structural  damage 
reduction  measures  will  be  needed. 

The  average  annual  flood  damages,  calculated  for  the  base  year  1965 
by  the  standard  damage-frequency  relationship,  were  projected  to  the 
target  years  of  1980,  2000,  and  2020.  Future  changes  from  the  base  year 
(1965)  average  annual  damages  bear  a direct  relationship  to  the  changing 
value  of  flood  damageable  items  within  various  flood  plains.  The  basic 
parameters  that  were  used  in  evaluating  the  anticipated  changing  value 
of  the  different  flood  plains  were: 

a.  The  projected  agricultural  acreage  utilized  within  each  flood 
plain  and  the  expected  changes  in  yields  per  acre  were  used  to  appraise 
the  future  changes  in  agricultural  values.  Future  acreage  of  cropland 
and  pasture  in  the  flood  plains  for  the  various  target  years  were 
projected  by  an  examination  of  historical  trends  and  an  evaluation 

of  foreseeable  future  developments.  Since  much  of  the  Upper  Colorado 
Region  has  semlarid  or  arid  characteristics,  future  acreage  projections 
were  closely  correlated  with  potential  sources  of  irrigation  water. 
Improvements  in  agricultural  production  technology  (crop  yields)  will 
significantly  increase  the  per  acre  value  of  the  agricultural  acreage 
within  the  flood  plain  areas.  Future  indices  of  crop  yields  were 
developed  in  the  Economic  Base  and  Projections  Appendix.  The  increased 
use  of  commercial  fertilizer,  improved  crop  varieties,  and  more  effi- 
cient farm  irrigation  and  drainage  practices  were  the  major  factors 
considered  in  projecting  the  growth  in  the  crop  yield  indices.  The 
future  agricultural  values  were  computed  by  applying  the  projected 
crop  yield  indices  (in  relation  to  the  estimated  future  crop  patterns) 
to  the  projected  acreage  in  the  various  flood  plains  for  the  target 
years . 

b.  Future  trends  in  the  value  of  damageable  forest  and  range 
resources  and  facilities  were  based  on  information  from  Appendix  VI  - 
Land  Resources  and  Use  and  Appendix  VIII  - Watershed  Management. 

Information  included  the  projected  future  patterns  of  forest  and 
range  lands  and  the  projected  future  developments  in  watershed  areas. 
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Sppdflr  Items  which  were  considered  In  prolectlnp,  the  future  damapeahle 
values  Include  the  expected  yields  from  timber  and  ranye' lands  and  the 
future  program  for  the  development  of  camnprounds , recreation  and  wild- 
life facilities,  roads,  trails,  and  bridges. 

c.  In  nroiectinp  the  future  trends  In  the  value  of  damageable 
residential  and  commercial  property  in  the  flood  plain  areas,  projected 
changes  in  real  per  capita  personal  Income  and  population  densltv  were 
used  as  the  relevant  indicators.  Projected  changes  In  real  per  capita 
Income  serve  as  a good  overall  measure  of  the  changing  value  of  resi- 
dential and  commercial  property  in  the  flood  plain  areas  on  a per 
capita  basis.  Future  flood  damages  to  residential  and  commercial 
nropertv  were  correlated  with  projected  changes  in  the  patterns  of  popu- 
lation densltv.  Some  downward  adjustment  was  made  to  the  future  density 
factors  in  expanding  areas  to  offset  an  expected  percentage  Increase 

in  multiple  storied  structures  which  tend  to  reduce  the  quantity  of  flood 
damageable  items  susceptible  to  damage.  The  same  indices  of  change  were 
assumed  to  apply  for  both  the  residential  and  commercial  values  because 
of  their  mutual  Interties  and  a paucity  of  data  to  Indicate  anv  significant 
difference  in  their  change  on  a small  regional  basis.  Data,  related 
to  the  future  regional  trends  In  real  per  capita  personal  Income  and 
future  regional  population  characteristics  presented  In  the  Fconomlcs 
Rase  and  Projections  Appendix,  were  utilized  in  making  the  above  projections. 

d.  Future  Industrial  and  utility  values  were  projected  on  the 
assumption  that  the  projected  trends  in  industrial  and  utllltv  employ- 
ment and  productivity  presented  in  the  Fconomlcs  Base  and  Projections 
Appendix,  will  closely  approximate  the  future  Investments  In  damageable 
plant  and  equipment  bv  the  Industrial  and  utllltv  sectors  In  the  region's 
various  flood  plains.  The  tenahlllty  of  this  assumption  seems  valid 
when  considering  the  tvpes  of  industries  and  utilities  operating  within 
the  region  and  the  plant  locations  they  require. 

e.  The  projected  changes  in  public  facility  values  In  the  various 
flood  plains  were  assumed  to  he  a function  of  the  changes  In  population 
and  the  projected  increases  in  real  per  capita  personal  Income  for  the 
different  target  years.  Because  a more  Intense  use  of  the  existing 
public  facilities  can  he  expected  to  occur  In  the  future  as  population 
Increases,  the  percentage  changes  In  public  facility  values  were  made 
to  lag  the  expected  future  changes  in  values  for  the  residential  and 
coTimercial  property  in  the  various  flood  plain  areas. 

By  using  these  basic  parameters,  development  factors  were  derived 
for  each  of  the  flood  plains  In  the  region.  These  development  factors 
were  used  as  Indices  for  the  projected  changes  in  the  average  annual 
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flood  damaRp5?  for  the  target  years  I'lRO,  2000,  and  2020.  The  followfnp; 
tabulation  presents  the  1965  base  year  and  pro-jected  averape  annnal 
flood  damages  for  one  reach  of  the  Ciinnlson  River  and  Is  Included  to 
Illustrate  the  projection  procedure  and  the  mapnl  tiide  of  some  of  the 
derived  development  factors.  f.lnes  1,  5,  and  7 of  the  tabulation  show 
the  estimated  averape  annual  damape  for  the  tarpet  years  1980,  2000, 
and  2020  If  no  additional  flood  damape  reduction  measures  are  adopted, 
l.lnes  8,  10,  and  12  show  the  estimated  residual  averape  annual  damapes 
In  the  tarpet  years  with  the  probable  future  flood  damape  reduction 


measures  Implementetl . 


'•♦.ihr  p?  Ion : I’vppr 

1 

St  rear : 

fiunrlson  Plver 

rumcflnf  1 ’’nl  f 

to  rnlorwHo  Plvnr  | 

Conriltlonn 

Average  Annual  Damans  in 

! 

Crop  ft 

Cth.r 

land 

; Re  si  d . 

; Coon. 

fed.  t : 

Public  ; 

Tntal 

lasture 

Agrlc. 

Util. 

Facility: 

1 

1<^5  Projert  Conditions  and 

Price, 

1 

1.  1^5  Sconomlc  Coodltlonn 

19 

3 

8 

16 

9 

8 

36 

97 

2.  Ij^elopment  Factor,  196^-IQBO 

1.51 

1.51 

1.51 

?.13 

2.13 

1.75 

1.62 

3.  1^)  Kconoftlc  CoDdittone 

29 

5 

9 

34 

19 

14 

58 

168 

1 4,  Developntent  F»crtor»  196^-2000 

2,00 

2.00 

2.00 

3.93 

3.93 

3.13 

3.o6 

' S.  2000  E<X3nDmic  Conditions 

38 

6 

12 

63 

35 

?5 

110 

?8q 

j (i.  I>TPlopBipnt  Factor,  I06=,-20?n 

2.54 

2.5<t 

2.54 

8.1« 

8.18 

6.75 

5.92 

! 7.  20p0  Koonomlc  Conditions 

4ft 

8 

15 

131 

74 

s4 

213 

543 

1 

1965  Price, 

' 8.  1^380  Economic  4 Project 

Condltlorui  ^ 

9 

2 

3 

13 

7 

5 

21 

60 

q.  2000  Economic  ft  Project 

Conditions 

U 

3 

4 

24 

13 

9 

UO 

104 

10,  2000  Economic  ft  Project 

Conditions  2/ 

u 

3 

4 

16 

9 

7 

2Q 

79 

1 11.  2020  Economic  ft  2<V0  Project 

1 Conditions 

14 

U 

5 

33 

20 

15 

56 

147 

1 12,  2020  Economic  ft  Project 

1 Conditions  2/ 

14 

4 

5 

10 

U 

8 

31 

02 

fSjture  Flood  Omtrol  Messvires; 

^ Blue  Mesm  Reservoir 

^ Flood  Plain  ManMement,  Ormn^l 

Junction 

, Colorado 

^ Flood  Plain  Management,  Delta 

, Colorado 



_ 



Development  factors  similar  to  the  factors  in  the  tabulation  were 
estimated  for  each  principal  stream  and  watershed  area  in  the  replon. 
These  factors  reflect  the  different  types  of  economic  development 
expected  and  the  depree  of  suscentlhl 1 Ity  of  the  developments  to  flood 
damape.  Past  trends  In  development  and  availability  of  undeveloped 
and  partially  developed  lands  In  the  flood  plains  were  taken  Into 
consideration  In  the  derivation  of  the  factors,  A part  of  the  anti- 
cipated future  prowth  would  result  from  replacement  of  exlstlnp  hulldlnps 
and  ftirnlshlnps , structures,  and  equipment  as  thev  become  obsolete. 
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PART  V 


F\iture  Needs 


Flood  damage  reduction  measures  are  needed  to  reduce  the  potential 
for  loss  of  life,  human  suffering,  and  property  damage  caused  hy  flood- 
water.  The  estimated  magnitude  of  present  (1965),  and  future  flood  damage 
that  must  be  reduced  to  meet  the  needs  of  the  region  are  summarized  as 
follows: 


Subregion 

: Estimated  average  annual 

: flood  damages  in  $1,000  1/ 

: 1965  : 

1980  : 

2000  : 

2020 

Green  River 

998 

1,469 

2,306 

3,558 

Upper  Main  Stem 

1,076 

1,591 

2,512 

3,983 

San  Juan-Color ado 

718 

1.131 

1.956 

3.010 

Region  totals 

2,792 

4,191 

6,774 

10,551 

!_/  Table  8 in  the  Watershed  Management  Appendix  Includes  a portion  of 
the  above  damage  data  as  well  as  other  damage  which  occur  In  the 
watershed  areas. 


Estimates  of  future  damage  In  the  above  tabulation  are  based  on 
RI-OBERS  projections  and  no  further  Implementation  of  flood  damage 
reduction  programs  after  1965.  The  Increase  In  future  damage  would  occur 
as  a result  of  "normal"  population  growth  and  Increased  economic  activity, 
and  would  not  be  "Induced"  as  a result  of  future  flood  control  developments. 
In  addition  to  the  nearly  fourfold  Increase  In  flood  damages  projected 
by  2020,  the  percent  of  total  flood  damages  classified  as  residential 
and  commercial.  Industrial,  and  utility  and  public  facilities  will  Increase 
significantly  as  shown  In  the  figure  following  this  page. 


26 


I 


PART  VI 

MF.ASURF.S  REOUTRED  TO  SATISFY  niTURE  NEEDS 


Flood  damafse  reduction  programs  can  be  categorized  under  two  general 
headings — corrective  and  preventive  measures.  Corrective  measures  reduce 
damages  through  control  of  water  and  preventive  measures  reduce  damages 
through  control  of  use  of  the  flood  plains.  Principal  features  of  these 
measures  are  Indicated  In  the  following  diagram. 
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Each  of  the  two  general  concepts  of  flood  damage  prevention  offers 
advantages  and  disadvantages. 

The  initial  cost  of  corrective  measures  is  often  higher  than  for 
preventive  measures  due  to  the  cost  of  structures  such  as  dams  and 
reservoirs  or  levee  and  channel  works;  cost  of  flood  proofing  existing 
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s t rue  Lures ; renoval  ol  liai  lageah  le  properties  from  flooc!  plains;  or  OLliOt 
similar  measures.  Corrective  measures  sometimes  involve  tiu-  use  of  land 
resources  whicii  are  needed  or  desired  for  other  purposes  and  nay  encourage 
development  of  flood  plain  areas  which  should  he  reserved  or  restricted  In 
development . 

The  cost  of  preventive  measures  may  he  higher  in  areas  where  existing 
developments  would  need  to  be  removed  to  prevent  flood  damages.  Preventive 
measures  may  not  provide  adequate  protection  and  may  be  costly  in  resLrictln> 
the  vise  of  ’ands  needed  to  accommodate  an  expanding  population  or  to  provide 
needed  facilities  and  services.  hands  best  suited  for  tgricultural  devel- 
opment, transportation  facilities  and,  in  some  cases,  industrial  a .id  urban 
development  i.iay  be  located  within  flood  plains.  Restrictions  in  the  use 
of  tiood  plain  lands  may  cause  needed  community  facilities  or  developments 
to  JO  prohibitively  costly  and  may  not  result  in  the  best  land  use  for  the 
greatest  number  of  people. 

A plan  for  flood  damage  reduction  should  encompass  both  corrective 
and  preventive  measures,  each  used  to  the  best  advantage  to  preserve  or 
utilize  lands  for  tlic  best  or  most  desirable  use.  In  addition  to  economic 
considerations,  development  of  tlie  flood  damage  reduction  program  must 
also  include  consideration  of  intangible  advantages  and  disadvantages 
such  as  open  space,  recreation,  and  aesthetic  values  of  flood  plains  and 
potential  improvements  in  use  of  tlie  environment  resources  by  the 
public  which  can  be  provided  by  structural  Improvements. 

The  future  flood  damage  reduction  program  presented  herein  is  a 
combination  of  corrective  and  preventive  measures,  botli  structural  and 
non-structural,  and  includes  flood  control  reservoirs  and  retarding 
structures,  levees  and  channels,  watershed  treatment,  flood  forecasting, 
flood  plain  regulations,  and  other  non-structural  flood  plain  management 
measures.  Singly,  or  in  combination,  these  measures  will  not  eliminate 
all  flood  damages,  and  in  many  areas  in  the  region  flood  protection  will 
not  be  feasible  under  the  conditions  expected  to  prevail  within  the  55- 
year  time  span  considered  in  this  study. 

Programs  considered  necessary  to  reduce  the  projected  flood  damages 
are  discussed  in  the  following  paragraphs. 
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Improved  Flood  Forecasting 

The  present  system  of  flood  forecasting  and  warning  In  some  areas 
• f the  region  Is  inadequate  to  provide  sufficient  time  for  evacuation 
of  people  and  contents  of  buildings  from  flood  plains  and  for  impltsneii- 
tatlon  of  anergency  measures  for  protection  of  property.  Additional 
data  collection  units  are  also  needed.  Future  improvements  In  the  system 
would  provide  for; 

a.  Expansion  of  the  data  collection  and  reporting  network, 
principally  In  the  area  of  telemetry  from  remote  area  locations. 

b.  Satellite  instrumentation  and  communication  capability  to  provide: 

(1)  Surface  temperature  field. 

(2)  lemperature-molsture  profile  of  the  atmosphere. 

(3)  Snow  area  and  depth  determination. 

c.  Increased  and  improved  radar  coverage  for  determining  precipitation 
rates  and  amounts. 

d.  Establishing  more  community  flash  flood  warning  programs. 

e.  Upgrading  computer  facilities  for  more  rapid  processing  of  data 
and  Increased  research  capabilities. 

f.  Increased  research  to  improve  hydrologic  models. 

An  early  objective  of  flood  forecasting  Is  to  Implement  complete  coordi- 
nation between  Federalj  state,  and  local  government  agencies  In  the 
collection  of  basic  flood  data  and  dissemination  of  forecasts.  In  those 
areas  where  flood  control  projects,  watershed  management  practices,  and/or 
a formal  flood  forecasting  service  are  not  feasible,  a degree  of  protection 
for  life  and  property  can  be  provided  through  quantitative  precipitation 
forecast  and  heavy  rain  warnings  utilizing  radar. 

Costs  of  the  Improved  flood  forecasting  program  are  based  on  records 
of  costs  for  Installations  similar  to  the  installations  needed  for  the 
proposed  flood  control  program.  These  costs  are  all  Federal  costs  and 
are  summarized  incrementally  by  time  frames  in  the  following  tabulation. 
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Subreg Ion 

: Installation 

: costs  in  $1,000 

OM&R  costs 
in  $1,000 

: 1966- 
: 1980 

: 1981- 
: 2000 

: 2001- 
: 2020 

: 1966- 
: 1980 

: 1981- 
: 2000 

2001- 

2020 

Green  River 

190 

30 

10 

45 

22 

4 

Upper  Main  Stem 

100 

120 

0 

39 

30 

0 

San  Juan-Colorado 

0 

90 

0 

0 

23 

0 

Region  totals 

290 

240 

10 

84 

75 

4 

Flood  Control  Reservoirs 


Reservoirs  are  considered  to  be  an  effective  measure  for  the  control 
of  floods  in  many  of  the  problem  areas  where  existing  and  projected  agri- 
cultural and  urban  areas  need  protection.  The  function  of  a reservoir 
is  to  store  excessive  floodflows  and  thus  reduce  flood  heights  in  downstream 
areas.  Reservoirs  for  flood  control  alone  do  not  appear  to  be  practical 
in  the  region,  except  for  the  small  detention  type  reservoirs  in  the  water- 
shed areas.  In  this  connection,  the  possible  solution  of  flood  problems 
in  the  region  by  reservoir  storage  has  been  under  consideration  for  the 
past  30  years,  and  no  single-purpose  flood  control  reservoir  has  been 
found  feasible.  Accordingly,  reservoirs  for  flood  control  on  the  main 
streams  presented  in  this  appendix  are  limited  to  Joint  use  space  available 
on  a flood  forecast  basis  in  possible  future  multiple-purpose  reservoirs. 
Flood  control  space  would  be  evacuated  in  these  reservoirs  during  the 
snowmelt  runoff  season  only  to  the  extent  that  the  vacated  space  would 
be  filled  by  the  remaining  runoff  as  determined  by  current  snow  surveys. 
Storage  space  necessary  for  the  control  of  rain  floods,  except  perhaps 
in  very  Infrequent  instances,  would  be  available  as  a result  of  use  of 
stored  water  for  irrigation  and  other  conservation  uses.  Table  B, 
subregional  Tables  6,  and  the  figure  following  this  page  indicate  the 
possible  future  multiple-purpose  reservoirs  to  be  operated  for  flood  control. 
Reservoirs  identified  by  name  in  Table  B are  shown  on  Plate  1,  and  those 
identified  by  number  would  be  located  within  the  watershed  treatment  areas 
shown  on  Plate  1.  Five  future  multiple-purpose  reservoirs,  as  footnoted 
in  Table  B,  are  completed  or  scheduled  to  be  completed  by  1972. 
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TABLE  B nmiRF,  NF.Fns 

FUTURE  RESERVOIRS  FOR  FLOOD  CONTROL  1/ 


SUBREGION 

AND 

RESCRVOI R NAME 

c o f /iuiT)l>r  f ) 

STREAM 

FLOOD 

STATE  CONTROL 

^ ^ CAPACITY 

1000  .1.  /f  , 

drainage 

AREA 

r V(,  mi  1 r 

Qrsen  fti  v«r 

1966-1980 

A-  . ■ • A 

A-  • • ■ 
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■ ? 

' • ' f - > . ’ 

: . .* 

■ • 2/ 

A . 

■ . ’ ■ r 

A . 

19 

' - ? 

" »'l  ’ 

■ , ^ -.1 
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i i ' 

• • 

- ] 

-.1  . T 

'3* 

.1  1 . ; 

n r: 

- I ■ r ,'Jo 

> . 'r  i 

v;  11. 

' - • 

V to'  :1 

1.6  * 
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tOu*  r*  '0  F r I • 
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M F - . . f 

. ol 0 r idr 
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t r 1 1 j r 00  u ' 
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- . ) 

1 s ''1  1 in? 

AyOrr  1 n 5 

7 

'Q 
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r 
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■'.jr 

r-  :i  if  t t.ll 
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■i  . 99  ' 

Upper  Main  Stem 

1966-1980 

■ • f- 

-i  r 

:1  •'  3 Jo 

212 

^ - 

. ■ . 

0'-;  IM  «i. 

I f .vl  ' 'O:. 

111 

19 
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■ r,  ■■  :t  ;r.  ti  ..... 

■ -.I.:,r  ,.r- 

1 1 
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■ ..i'  r i ;•  i ve  ' 
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7.,m 
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1 1' 

_7. 

•J-  • ’ .1 

1 . 1*9 

. . -59 
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pr 1 mar i 1 y 

for  flood 

con  t ro I . 

2 / Re  se  r vo  1 r s »i 

1 1 be  ope  rat i one  1 

by  1972.  Fontenelle  Reservoir  was 

complettd  in 

196N.  but  eas 

not  placed  in  operation  for  flood  control 

until  1969 

Blua  Hasa 

Reservoir  was 

completed  in  1967 
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Consideration  was  plven  to  flood  control  storage  on  ma1or  streams 
In  addition  to  those  listed  In  Table  B.  About  100,000  acre-feet  of  flood 
contro’  s♦■'^r^pe  could  be  used  in  the  Animas  R.'ver  '’asin  located  within 
the  Ran  luan-C.o  1 orado  Subreglcn.  Possfblv  the  most  effective  location 
for  storage  on  the  stream  is  at  the  Toft  site  located  upstream  from  Durango, 
Colorado.  Quite  extensive  studies  made  in  the  past  in  connection  with 
potential  water  conservation  developments  indicate  that  the  cost  of  storage 
at  the  site  Is  in  the  order  of  $500  per  acre-foot  for  reservoirs  in  the 
50,000  acre-foot  capacitv  range  and  about  $400  per  acre-foot  for  capacities 
in  the  R5,000  acre-foot  range.  Such  costs  greatly  exceed  the  combination 
of  flood  damage  reduction  and  additional  benefits  from  other  foreseeable 
purposes;  therefore,  no  development  at  the  site  Is  proposed.  Flood  control 
storage  of  100,000  acre-feet  or  more  could  be  used  on  several  other  streams 
in  addition  to  the  storage  or  other  measures  proposed,  including  the  Dolores, 
Gunnison,  White,  Yampa,  and  Price  Rivers;  however,  as  in  the  case  of  storage 
on  the  Animas  River,  the  reduction  In  flood  damages  and  other  beneficial 
uses  would  be  small  In  comparison  to  the  costs  of  such  projects. 

The  estimated  Installation,  operation,  maintenance,  and  replacement 
costs  by  time  frames  for  the  future  reservoir  program  are  shown  in  Table 
C and  Tables  10,  10a,  and  10b.  Estimates  of  costs  and  division  of  costs 
between  Federal  and  non-Federal  interests  were  available  from  prior  allo- 
cations of  costs  for  eight  of  the  main  stem  reservoirs  in  the  program. 

These  costs  were  used  as  a guide  in  the  apportionment  of  costs  to  the 
flood  control  function  for  other  main  stem  reservoirs.  The  costs  of  the 
detention  type  reservoirs  in  the  watersheds  were  estimated  on  an  acre-foot 
basis,  using  unit  costs  for  similar  reservoirs  that  have  been  constructed 
and  those  In  advance  study  stage  In  the  region. 
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TAP.I  E r 

FSTINATEn  COSTS  OF  FFTI'RF  RFSKRVOIP  PRIXIPAM 
APPORTIONFP  TO  FI.OOD  CONTROI. 


^uhreplon  • '“tatp  * 

Installation  cost 
in  $1,000 

Annual 

in 

OM&P,  costs 
$1,000 

: 'rime 

; frame 

Federal  : Non- 

: Federal 

Federal 

: Non- 

: Federal 

Green  River  Utah 

3,730 

470 

2 

66 

19tS6-1980 

Coloradf. 

Uoc 

0 

5 

0 

" 

Wyoninc 

800 

0 

10 

0 

Utah 

i,4oo  200 

3 

8 

1981-2000 

Colorado 

1,700 

320 

2 

7 

Wyoming; 

3,oUo 

760 

0 

16 

" 

Utah 

1,100 

200 

0 

8 

2001-2020 

Colorado 

2,300 

0 

l4 

0 

Wyoming 

7.120 

370 

0 

SubreRion  totals 

16,590 

2,320 

36 

114 

Upper  Main  Gtem  Utah 

1,280 

420 

0 

6 

1966-1080 

Colorado 

2,650  0 

5 

0 

Utah 

0 

0 

0 

0 

1981-2000 

Colorado 

4,840 

760 

7 

l4 

Utah 

0 

0 

0 

0 

2001-2020 

Colorado 

1,280  220 

0 

8 

SubreRion  totals 

10,050 

l,4oo 

12 

28 

Gan  Juan-  Utal’. 

23c 

70 

0 

2 

1966-1980 

Colorado  Colorado 

0 

0 

0 

0 

Hew  Mexico 

890 

300 

0 

4 

Arizona 

0 

0 

0 

0 

" 

Utah 

2,240 

560 

0 

11 

19iIl-P000 

Colorado 

0 

0 

0 

0 

New  Mexico 

0 

0 

0 

0 

Arizona 

0 

0 

0 

0 

Utah 

1,170 

30 

10 

1 

2001-2020 

Colorado 

1,190 

210 

0 

0 

" 

Mew  Mexico 

0 

0 

0 

0 

Arizona 

0 

0 

0 

0 

GubreRion  totals 

5,720 

1,170 

10 

27 

ReRion  totals 

32,160  4,890 

58 

169 
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Levees  and  Channels 

Levees  protect  local  areas  from  flood  losses  by  restricting  the 
area  of  overflow.  Usually  they  are  located  near  the  banks  of  channels, 
but  may  be  located  further  away  depending  upon  the  local  slttiatlon  and 
the  specific  purpose  they  will  serve.  Channel  Improvements  generally 
consist  of  widening,  deepening,  straightening,  and  clearing  to  remove 
major  obstructions.  Channel  Improvements  and  levees  may  be  used 
together  or  separately  to  solve  a given  flood  problem,  or  they  may 
be  used  as  a part  of  a systems  solution  to  a problem  which  may  include 
other  structural  or  non-structural  measures. 

The  future  program  of  levee  and  channel  improvements  In  the  region 
is  listed  In  the  following  tabulation,  subregional  Tables  7,  and  the 
figure  following  this  page.  The  locations  of  the  improvements  are 
shown  on  Plate  1. 


Subregion  : 

Stream 

: State 

: Length 
: Levees; 

In  miles: 
Channels: 

Time 

frame 

Green  River 

Duchesne  River 

Utah 

1.0 

0 

1981-2000 

Fortification 

Creek 

Colorado 

2.4 

1.6 

II 

Bitter  Creek 

Wyoming 

2.0 

2.0 

If 

Subregion  totals 

5.4 

3.6 

Upper  Main  Stem 

Mill  & Pack 

Creeks 

Utah 

0 

3.0 

1966-1980 

Dolores  River 

Colorado 

2.0 

0 

1981-2000 

Subregion  totals 

2.0 

3.0 

San  Juan-Colorado 

Junction  Creek 

Colorado 

0 

1.6 

1981-2000 

Animas  River 

Colorado 

0 

0.2 

ft 

Wash  "B"  & "C" 

New  Mexico 

0 

2.2 

If 

Animas  River 

New  Mexico 

2.0 

0 

2001-2020 

Subregion  totals 

2.0 

4.0 

Region  totals 

9.4 

10.6 

Estimates  of  costs  of  these  improvements  were  based  on  updating 
costs  from  prior  studies  and  reports,  taking  Into  consideration  changed 
conditions.  The  Federal  and  non-Federal  costs  of  the  future  levee  and 
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channel  program  are  shown  by  subregions,  states,  and  time  frames  in 
the  following  tabulation  and  Tables  10,  10a,  and  10b.  The  assignment 
of  program  costs  to  Federal  and  non-Federal  Interests  is  based  on  the 
Federal  Government  paying  for  levee  and  channel  work,  and  the  local 
interests  paying  for  necessary  lands,  easements,  and  rlgbts-of-way , 
relocations  and  modifications  to  utilities  Including  bridges  and  roads, 
and  all  annual  operation,  maintenance,  and  replacement  costs. 


Subregion  : 

State 

Installation  cost: 
In  $1,000  : 

: Non-  : 

Federal rFederal  : 

Annual  OMAR  : 
costs  ($1,000): 
: Non-  : 
Federal : Federal : 

Time 

frame 

Green  River 

Utah 

300 

100 

0 

3 

1981-2000 

Colorado 

300 

100 

0 

3 

tt 

Wyoming 

1,000 

400 

0 

7 

»♦ 

Subregion  total 

1 ,600 

600 

0 

13 

Upper  Main  Stem 

Utah 

3,000 

250 

0 

5 

1966-iqfin 

Colorado 

AOO 

100 

0 

4 

1981-2000 

Subregion  totals 

3,400 

350 

0 

9 

San  Juan-Colorado 

Colorado 

3,050 

250 

0 

6 

lPRl-2000 

New  Mexico 

2,000 

250 

0 

4 

It 

New  Mexico 

1.100 

400 

0 

6 

2001-2020 

Subregion  totals 

6,150 

POO 

0 

16 

Region  totals 

11,150 

1,850 

0 
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Watershed  Management 

and  Land  Treatment 

The  flood  control  objective  of  watershed  management 

and  land 

treat- 

ment  Is  to  reduce 

flood  peaks. 

prevent 

excessive 

erosion 

with  Its 

damaging 

sedlmentatlon-debrls  effect,  and  Improve  the  hydrologic  function  of  water- 
sheds. These  objectives  are  accomplished  by  structural  and  non-structural 
measures  to  restore  and  preserve  soil  stability  and  productivity,  and 
the  proper  soil-water  plant  relationship.  Structural  measures  for  flood 
control  and  their  estimated  costs  are  Included  In  the  Flood  Control  Reser- 
voir Program  In  Tables  B and  C,  and  In  the  Levee  and  Channel  Program  tabula- 
tions on  pages  3A  and  this  page.  Non-structural  measures  consist  of  contour 
trenching,  terracing,  furrowing,  pitting,  gullv  plugs,  revegetation,  tree 
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and  shrub  planting,  anU  other  soil  stabilization  practices.  Tliese  measures, 
in  conjunction  with  careful  land  use  manapcment,  reduce  flood  peaks  and 
sediment  pioduction.  A vital  role  of  watershed  management  and  land  treat- 
ment is  to  protect  areas  above  main  stream  structures. 

The  proposed  watershed  land  treatment  on  7.1  million  acres  and  the 
installation  of  74,000  small  water  control  facilities  related  to  flood 
control  are  shown  in  the  tabulation  on  page  37.  The  figure  following 
this  page  siiows  existing  and  future  acreage  requiring  future  land  treat- 
ment measures.  This  program  is  from  Appendix  VIII,  "Watershed  Management,” 
and  is  a part  of  a comprehensive  watershed  plan  for  the  region.  Costs 
specifically  for  flood  control  cannot  be  separated  from  the  comprehensive 
watershed  program  costs  in  appendix  VIII  and  are  not  included  herein. 
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Subregion  : 

T.and 

(1,000 

treatment 
acres)  1/ 

: Water 

: I 

r r>ti  f r 1 f er 
number)  It 

1 1 1 Mec 

and  : 

state  : 

1966-  : 
1980  : 

1981- 

2000 

: 2001- 

: 2020 

: 1966- 

1980 

: 1981-  : 

: 2000 

?'t01- 

Green  River 
U t ah 

339 

319 

211 

3,025 

3,442 

4,554 

Colorado 

157 

255 

115 

560 

877 

252 

Wyoming 

478 

728 

201 

191 

324 

115 

Siibreglon  total 

974  1 

,302 

527 

3,776 

4,643 

4,921 

Upper  Main  Stem 

Utah 

29 

41 

32 

105 

335 

627 

Colorado 

612 

832 

276 

12,939 

19.516 

4,956 

Subregion  total 

641 

873 

308 

13,044 

19,851 

5,5R- 

San  Juan-Colorado 

Utah 

212 

277 

194 

898 

2,347 

4 , 0Q7 

Colorado 

235 

169 

62 

2,736 

1,694 

481 

New  Mexico 

327 

446 

384 

3,006 

2,711 

1,896 

Arizona 

23 

32 

126 

860 

7 56 

560 

Subregion  total 

797 

924 

766 

7,500 

7,508 

7,034 

Region  total 

2,412  3 

,099 

1,601 

24,320 

32,002 

17,538 

T7  Includes  vegetation  management,  contour  furrowing  and  trencMnp,, 
ripping,  pitting,  terracing,  revegetation,  and  stabilization  of 
roads,  trails,  dunes,  and  mined  areas. 


7J  Includes  small  detention  dams,  check  and  drop  structures,  diversion 
dams,  and  dikes  and  debris  basins. 

Non-structural  Flood  Plain  Management 

Although  flood  plain  management  can  be  considered  as  embodying  all 
the  actions  which  can  be  taken  to  achieve  desired  obiectlves  in  flood 
plain  land  use,  the  following  discussion  is  limited  to  non-structural 
preventative  measures.  Some  of  the  non-structural  flood  plain  management 


37 


PART  VI 


MFASURES  REQUIRED  TO  SATISFY  FUTURE  NEEDS 


techniques  are  described  in  the  following  parapraphs  and  in  the  flpure 
followlnp  this  pape  illustrates  the  application  of  these  techniques 
A discussion  of  the  specific  non-structural  measures  of  the  propram 
follows  the  peneral  discussion  below. 

a.  Zoninp.  - Zoninp  is  a lepal  measure  that  state,  county,  and 
local  apencics  could  implement  and  enforce  to  effectively  reduce  the 
flood  damage  potential  of  an  area  in  accordance  with  a planned  program 
of  development  and  land  use.  Zoning  may  require  designation  of  the 
channel  and  portions  of  the  adjoining  flood  plain  as  a primary  floodway 
for  passage  of  floodwater.  Other  areas  of  the  flood  plain,  or  secondary 
floodway,  could  be  developed,  provided  that  adeouate  measures  were  taken 
to  reduce  the  damage  potential  consistent  with  the  risk  involved.  Zoning 
measures  Insure  the  safekeeping  of  property  for  the  health,  welfare,  and 
safetv  of  the  peneral  public.  Floodways  may  be  zoned  for  different  types 
of  development,  such  as  residential,  commercial,  agricultural,  and  recre- 
ational, or  for  retention  as  open  spaces.  Limiting  elevations  could  be 
established,  below  which  certain  types  of  development  would  not  be 
permitted . 

h.  Subdivision  regulations.  - Subdivision  regulations  could  be 
adopted  that  would  state  requirements  for  street  widths  and  minimum 
elevations,  drainage  structures,  and  minimum  building  elevations. 

This  type  of  measure  could  also  specify  the  manner  in  which  land 
adjoining  streams  could  be  subdivided  and  could  require  subdividers 
to  provide  adequate  waterways  for  passage  of  floodflows, 

c.  Building  codes.  - Local  governmental  agencies  could  adopt 
building  codes  that  would  assist  in  preventing  future  flood  damages. 

These  codes  could  prescribe  types  of  materials  that  would  not  be 
damaged  by  water,  and  establish  basement  and  first  floor  elevations. 

d.  Floodproofing.  - Floodproofing,  a combination  of  changes 
and  adjustments  to  properties  and  structures,  could  be  employed  for 
the  reduction  or  elimination  of  flood  damages.  Floodproofing  Includes 
but  is  not  limited  to: 

(1)  Providing  permanent  or  temporary  water-tight  covers  for 
building  openings. 

(2)  Raising  existing  buildings. 

(3)  Providing  individual  dikes  around  existing  or  future 
structures. 
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(4)  Protecting  roads  and  utilities. 

(5)  Anchoring  floatable  structures  and  facilities. 

e.  Evacuation.  - Permanent  evacuation  of  flood  plain  areas  could 
be  used  to  reduce  the  flood  damage  potential.  Such  a measure  would 
Involve  removal  of  all  buildings  and  property  In  the  flood  plain. 
Temporary  evacuation  of  persons,  livestock,  and  personal  property 
from  flood  prone  areas  could  be  accomplished  when  a flood  threat 
exists,  and  Is  effective  when  combined  with  a reliable  flood  forecasting 
system. 

f.  Open  space  development.  - Areas  In  the  flood  plain  could  be 
set  aside  for  development  as  parks,  recreation  areas,  playgrounds, 
or  golf  courses  where  such  development  would  not  interfere  with,  or 
be  seriously  damaged  by  floodwaters,  or  could  be  left  as  natural 
scenic  areas.  A number  of  locations  in  flood  plain  areas  throughout 
the  Upper  Colorado  Region  can  be  developed  for  stich  purposes. 

g.  Other  measures.  - Other  measures  could  be  provided  In  the 

[ flood  plain,  such  as  warning  signs,  tax  adjustments,  building  financing, 

flood  Insurance,  and  reconstruction  of  bridges  and  culverts,  which 
could  also  reduce  or  eliminate  future  damage  In  the  flood  plain. 

An  Important  element  In  the  application  of  non-structural  flood 
plain  management  techniques  is  the  Federal  Flood  Plain  Management 
Program.  This  program  was  established  to  provide  Federal,  state, 
and  local  govertmental  agencies  flood  hazard  Information  that  would 
serve  as  a guide  for  future  development  of  land,  provide  a basis  for 
regulation  of  land  use  to  avoid  future  flood  damage,  and  assure  that 
Federal  agencies  will  take  proper  cognizance  of  the  flood  hazards  asso- 
; elated  with  the  development  and  management  of  flood  plain  areas.  As 

I it  Is  presently  constituted,  the  program  Includes  the  following  services, 

I a.  Flood  plain  Information  reports  are  prepared  at  the  request 

I of  state  and  local  governmental  agencies  to  delineate  flood  problems 

In  communities  throughout  the  nation.  These  reports  contain  Illus- 
trative and  narrative  material  on  past  floods,  and  similar  data  on 
I floods  that  may  reasonably  be  expected  to  occur  within  a community  area 

j In  the  future. 

■ b.  Technical  services  and  guidance  are  provided  to  Federal,  state, 

and  local  governmental  agencies  for  the  following:  Interpretation  and 

application  of  data  In  flood  plain  Information  reports;  preparation 
of  flood  plain  regulations;  suggestions  for  floodway  areas  and  evalu- 
ations on  the  effect  of  floodways;  Information  on  flood  damage  reduction 


39 


PART  VT 


MFARI'RFR  RFOT’TRFH  to  satisfy  nJTITPF,  NF.FPS 


hy  various  structural  and  non-structural  measures;  and  evaluation  and 
use  of  flood  hazard  data  to  permit  wise  decisions  on  the  locations  of 
public  hulldln)^s  and  other  publicly  owned  facilities,  and  on  subdivision 
development  or  other  land  uses  where  there  Is  a Federal  Interest. 

c.  Research  efforts  are  being  conducted  to  improve  methods  and 
procedures  of  flood  damage  prevention  and  abatement.  The  research 
effort  Includes  studies  of  and  the  means  for  Illustrating  alternative 
ways  of  reducing  flood  damages.  Prepared  guides  and  pamphlets  are 
available  for  the  use  of  Federal,  state,  and  local  governments  and  private 
citizens  In  planning  and  Implementing  programs  to  reduce  the  flood  damage 
potential  of  an  area. 

d.  Comprehensive  planning  efforts  at  all  appropriate  governmental 
levels  are  considering  flood  control  works,  flood  proofing,  flood  fore- 
casting, zoning,  subdivision  regulations,  building  codes  and  policies 
that  will  work  in  combinations  or  separately  to  provide  the  best  solu- 
tion to  the  flood  problem  associated  with  the  community.  Fnglneerlng 
services  and  technical  assistance  and  guidance  are  provided  throughout 
the  cotirse  of  planning  and  implementing  measures  needed  to  reduce  the 
flood  damage  potential  . 

Because  of  the  present  sparse  population  and  lack  of  extensive 
developments  in  the  flood  plains  of  the  region,  there  is  good  opportunity 
and  need  for  implementation  of  non-structural  flood  damage  reduction 
measures.  Because  the  existing  and  future  multiple-purpose  reservoirs 
can  provide  only  a relatively  low  degree  of  flood  protection  to  downstream 
areas,  it  Is  particularly  important  to  provide  for  non-structural  flood 
prevention  practices  to  supplement  structural  measures. 

Initial  steps  have  been  taken  to  Implement  non-structural  flood 
plain  management  practices  where  feasible  and  applicable.  Flood  plain 
Information  studies  have  been  requested  for  all  urban  areas  with  potential 
flood  problems  in  Utah  and  for  Orand  Junction  and  vicinity  in  Colorado. 

It  Is  expected  that  requests  for  studies  of  other  communities  will  be 
made  in  the  near  future.  These  initial  studies  will  be  undertaken  and 
completed  within  an  initial  time  frame  of  the  framework  studies  (1R65- 
1980).  Studies  of  additional  areas  and  updating  of  the  initial  studies 
will  be  accomplished  in  the  later  time  frames.  In  consonance  with 
current  practices,  projections  of  flood  plain  information  studies  and 
Implementation  of  non-structural  preventive  measures  was  limited  to 
urban  areas;  however,  extension  of  the  study  areas  and  Implementation 
of  non-structural  flood  control  measures  for  agricultural  areas  may 
prove  of  value  in  the  future. 
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Consideration  of  non-structur al  flood  prevention  tecbnlanes  and  the 
anticipated  urban  prowth  patterns  indicated  that  the  probable  methods  to 
be  employed,  other  than  dissemination  of  flood  data  by  vav  of  the  flood 
plain  Information  reports,  would  be  bv  zonlnp  and  flood  nrooflnp  in 
existinp  ami  prc'jected  urban  areas. 

Selected  communities  where  non-structural  flood  prevention  measures 
will  be  needed  and  the  estimated  time  frame  of  the  Implementation  of  such 
measures  Is  shown  in  the  tabulation  below.  Current  non-structural  flood 
pre\’entlon  actions  involvlnp  preparation  of  flood  plain  information  reports 
are  not  Included  in  the  tabulation. 


Suhreg 1 on 

State  : 

City 

Time  frame 

Greer  River 

TItah 

Price 

1Qg]_20no 

Utah 

Castlegate 

II 

Utah 

Helper 

II 

Upper  Main 

Colorado 

Montrose 

1981-2000 

Stem 

Colorado 

Grand  Junction  & 
viclnl tv 

It 

Colorado 

Delta 

2001-2020 

Utah 

Moab 

M 

San  Juan- 

Colorado 

New  Mexico 
New  Mexico 

Farmington 
Shiprock  ^ other 
communities  along 
San  Juan  River 

1Q81-2000 

II 

Colorado 

Durango 

2001-2020 

Estimates  of  costs  of  the  flood  plain  manapement  program  are  based 
on  data  gathered  in  the  preparation  of  flood  plain  information  studies 
and  studies  made  in  the  past  of  urban  flood  problems.  These  costs  are 
for  the  non-structural  portions  of  the  program  and  Include  the  costs 
• of  flood  proofing  existing  buildings  and  structures  within  primary  flood 

plains  (areas  flooded  by  a selected  flood,  usually  the  estimated  once 
, In  100-year  event),  costs  of  landfills,  and  other  methods  of  raising 

new  structures  outside  the  primary  flood  plain  but  within  the  flood  plains 
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of  floods  larger  than  the  100-year  event,  costs  of  zoning,  preparation 
of  subdivision  regulations,  and  other  measures  that  may  be  used  to  regu- 
late flood  plains.  Under  existing  authorities  the  installation  and  OM&R 
costs  of  non-structural  portions  of  flood  plain  management  programs,  except 
the  costs  of  programs  on  government-owned  lands,  are  a local  responsibility. 

It  is  possible  that  In  the  future  costs  may  be  shared  by  Federal  and  local 
Interests  depending  on  the  merits  of  the  Individual  case.  The  Federal 
portion  of  Installation  cost  in  the  tabulation  Is  the  cost  of  preparing 
flood  plain  Information  reports  for  the  program  and  for  furnishing  other 
technical  services  and  guidance  to  state  and  local  agencies.  Costs  of 
current  studies,  cited  previously,  are  relatively  minor  and  are  not 
Included  In  the  tabulation.  Better  estimates  of  the  costs  of  the  flood 
plain  management  program  can  be  prepared  when  more  detailed  data  are  available 
from  future  flood  plain  Information  studies.  Estimated  costs  of  the  flood 
plain  management  program  are  as  follows: 


Subr eglon 

State 

: Installation  cost 
: In  $1,000 

: Annual 
: In 

OM&R  costs 
$1,000 

: Time 

:Federal 

: Non- 
rFederal 

:Federal 

: Non- 
: Federal 

: frame 

Green  River 

Utah 

30 

970 

0 

9 

1981-2000 

Upper  Main 

Colorado 

40 

1,960 

0 

16 

1981-2000 

Stem 

Utah 

20 

980 

0 

9 

2001-2020 

Colorado 

30 

1,170 

0 

12 

tl 

Subregion 

totals 

90 

4,110 

0 

35 

San  Juan- 

New  Mexico 

70 

2,530 

0 

21 

1981-2000 

Colorado 

Colorado 

30 

1,170 

0 

10 

2001-2020 

Subregion 

totals 

100 

3,700 

0 

31 

Region  totals 

220 

8,780 

0 

75 

Land  Requirements 

Estimates  of  land  requirements  needed  for  the  future  flood  control 
program  are  given  In  the  following  tabulation.  Included  in  the  estimates 
are  lands  for  levees  and  channels  and  watershed  detention  reservoirs. 

No  lands  would  be  required  for  flood  control  in  the  multiple-purpose 
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reservoir  proprams.  Improved  flood  forecastlnp,  and  non-structural  components 
of  flood  plain  manapement.  Lands  reouired  for  the  non-structural  portions 
of  watershed  projects  (which  are  also  used  for  other  compatible  proprams) 


are  included  in  the 

propram  in 

Appendix  VIII 

, Watershed  1 

Management , 

: 

: Land 

requirements 

in  acres 

Subregion  : 

State 

: 1966-1980 

: 1981-2000 

: 2001-2020 

Green  River 

Colorado 

290 

790 

150 

Utah 

1,790 

1,500 

890 

Wyoming 

320 

1.350 

760 

Subregion  total 

2,400 

3,640 

1,800 

Upper  Main  Stem 

Colorado 

150 

1,050 

420 

Utah 

550 

150 

130 

Subregion  total 

700 

1,200 

550 

San  Juan- 

Colorado 

80 

100 

260 

Colorado 

Utah 

570 

920 

280 

New  Mexico 

130 

110 

70 

Subregion  total 

780 

1,130 

610 

Region  totals 

3,880 

5,970 

2,960 

Environmental  Considerations 


A primary  consideration  in  the  development  of  flood  damape  reduction 
programs — either  structural  or  non-structural,  slnple,  or  multipurpose — is 
the  environmental  effects  of  the  programs.  Early  in  the  detailed  investi- 
gation stage  of  such  programs,  inventories  are  made  of  the  natural  environ- 
mental qualities  of  project  areas  and  plans  initiated  to  preserve  and 
enhance  these  qualities.  Environmental  considerations  Include  but  are 
not  limited  to  recreational,  fish  and  wildlife,  aes*’hetlc  aspects  of 
project  areas,  and  the  protection  or  preservation  of  historic  or  archeo- 
logical resources. 
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Recreation  developments  provide  for  water-oriented  activities  such 
as  boating,  swimming,  water  skiing,  and  fishing;  and  land  based  activities 
stich  as  horseback  riding,  hiking,  bicycling,  picnicking,  and  rest  areas. 
Programs  to  preserve,  mitigate,  and  enhance  fish  and  wildlife  resources 
include  the  maintenance  of  minimum  flows  from  reservoirs,  retention  of 
in-channel  vegetation  where  possible,  planting,  of  vegetative  strips  along 
but  outside  ciiannel  and  levee  Improvements,  and  maintenance  of  favorable 
watershed  conditions.  Aesthetic  aspects  of  the  prolect  areas  Involve  tht> 
planting  of  trees,  shrubs  and  ground  cover,  the  use  of  properlv  designed 
sipns,  structures,  and  access  roads  with  native  plantings  alongside. 

Environmental  planning  also  Include  consideration  of  the  preservation 
and  enhancement  of  existing  open  space  or  the  establishment  of  open  space 
to  be  used  in  consonance  with  r.onlng  and  development  plans  of  local  and 
regional  planning  agencies.  A consideration  In  a future  flood  control 
program  Is  the  preservation  of  streams  or  certain  reaches  thereof  in 
accordance  with  the  Wild  and  Scenic  Rivers  Act  of  1968  whenever  legal 
and  local  conditions  are  applicable. 


Summarv  of  Costs 


The  estimated  cost  of  the  flood  damage  reduction  program,  based 
on  July  1965  prices,  Is  summarized  bv  subregions,  states,  and  time  frames 
on  Table  D.  Tables  10,  10a,  and  10b  Indicate  costs  of  structural  measures 
(channels,  levees,  and  reservoirs)  and  non-structural  measures  (Improved 
flood  forecasting  and  non-structural  flood  plain  management  programs). 

The  cost  of  watershed  practices  for  flood  control  are  not  Included. 

These  costs  are  a part  of  the  watershed  costs  given  In  the  Watershed 
Management  Appendix. 


Accomplishments 


The  future  flood  damage  reduction  program  proposed  In  this  appendix 
would  contribute  to  the  well-being  of  the  people  by  preventing  possible 
loss  of  life,  suffering,  damage  to  property,  and  loss  of  goods  and  services. 
Estimates  were  made  of  the  reduction  In  damages,  in  terms  of  1965  dollars, 
the  proposed  program  would  produce  for  each  time  frame  considered  In 
the  study.  These  estimates  are  shovm  on  Table  8.  The  estimated  total 
reduction  In  flood  damages  at  the  end  of  each  time  frame  is  indicated 
in  the  first  tabulation  on  page  47.  A general  discussion  of  the  effec- 
tiveness of  the  programs  in  the  prevention  of  flood  losses  follows. 
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TABI.F,  D 


COST  OF  FLOOD 

CONTROL 

program  ry 
($1,000) 

SUBREGIONS  AN!) 

STATES 

Subref>lon/Sta  te  : 

1966 

-1980  : 

1981- 

2000 

: 2001 

-2020 

(Ffdoral  cost)  : 

(non-Fevieral  cost)  : 

I nstal 1- 
at  Ion 

: Annual : 
: OM&R  : 

Install- 

ation 

: Annua  1 
: OM6R 

: Instail- 
; atlon 

: Annual 
: 0M4R 

Subregion 
Green  River 

(Federal) 

S.120 

62 

7,800 

27 

5,530 

18 

(non-Federa 1) 

470 

66 

2,850 

53 

570 

17 

Subregion  total 

5 , 590 

128 

10,650 

80 

6,100 

35 

Upper  Main  Stem 

(F  ederal ) 

7,030 

44 

5,400 

37 

1,330 

0 

(non-Federal) 

670 

11 

2,820 

34 

2,370 

-il. 

Subregion  total 

7,700 

55 

8,220 

' 71 

3,700 

27 

San  .Tuan-Colorado 

(Federal) 

1,120 

0 

7,450 

23 

3,490 

10 

(non-Federal) 

370 

6 

3,590 

4? 

1,810 

26 

Subregion  total 

1,490 

6 

11,040 

■ 65 

5,300 

■ 36 

Region  total 

14,780 

189 

29,910 

216 

15,100 

98 

State 

Arizona 

0 

0 

0 

0 

0 

0 

Colorado 

(Federal) 

3,150 

49 

10,440 

39 

4,840 

14 

(non-Federal) 

0 

0 

3,490 

49 

2.760 

37 

State  total 

3,150 

49 

13,830 

88 

7,600 

' 51 

New  Mexico 

(Federal) 

890 

0 

2,160 

23 

1,100 

0 

(non-Federal) 

300 

4 

25 

400 

6 

State  total 

1,190 

4 

4,940 

48 

1,500 

6 

Utah 

(Federal) 

8,430 

47 

4,010 

25 

2,290 

14 

(non-Federal) 

1,210 

79 

1.830 

31 

.iaim 

18 

State  total 

9,640 

126 

5,840 

56 

3,500 

' 32 

Wyoming 

(Federal ) 

800 

10 

4,040 

0 

2,120 

0 

(non-Federal) 

0 

0 

1.160 

23 

380 

9 

State  total 

800 

10 

5,200 

23 

2,500 

9 

Region  total 

14,780 

189 

29,910 

216 

15,100 

98 
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Flood  forecast  services  for  the  period  1951-1965  show  a national 
averapc  annual  savings  of  about  10  percent  of  the  average  annual  flood 
damages  In  terms  of  1^165  dollars,  Tliat  percentage  is  considered  to  be 
representative  for  damage  in  the  urban  areas  In  the  Upper  Colorado  Region, 
but  would  be  less  effective  for  the  farm  and  watershed  areas. 

The  effectiveness  of  reservoirs  to  control  floods  and  reduce  damage 
depends  on  the  location  of  the  reservoir  site  with  respect  to  flood 
damage  areas,  the  amount  of  storage  provided,  and  how  the  storage  Is 
operated.  Major  reservoirs  In  the  program  would  be  multiple-purpose 
operated  on  a flood  forecast  basis  and  would  not  provide  a high  degree 
of  protection.  Generally,  these  reservoirs  would  prevent  banV  overflow 
for  floods  In  the  25-  to  50-year  frequency  range.  The  small  reservoirs 
In  watershed  areas  would  be  operated  primarily  for  flood  control  and 
would  provide  protection  In  the  100-year  flood  frenuency  range  at  the 
reservoir  site.  The  protection  at  damage  areas  Is  often  less  than  at 
the  reservoir  site  due  to  uncontrolled  Inflow  downstream  from  the  reser- 
voir. Where  reservoirs  would  not  provide  the  protection  needed,  partlcu- 
ularly  In  urban  areas,  supplemental  channel  work  and  non-structural  flood 
plain  management  programs  would  be  used. 

The  proposed  channels  and  levees  would  provide  overflow  protection 
against  floodflows  having  a frequency  of  occurrence  of  not  less  than  once 
In  100  years  on  the  average  and  would  be  for  protection  of  urban  areas. 

The  flood  magnitude  and  degree  of  protection  would  be  selected  on  the 
basis  of  detailed  studies  made  subsequent  to  authorization. 

The  watershed  management  and  land  treatment  portions  of  the  future 
program  would  substantially  reduce  flood  damage  to  forest  lands  and  facil- 
ities, Isolated  farmlands,  farm-ranch  buildings,  campgrounds,  forest-county 
road  systems,  and  fish  and  wildlife  habitats.  Also,  they  would  prevent 
the  erosion  of  streams  and  watershed  areas,  deposition  of  silt  and  debris 
on  creek  bottom  meadow-hay  lands,  and  the  lowering  of  water  tables  due 
to  stream  cutting  and  scouring,  A further  benefit  would  be  to  prevent 
loss  of  soil  fertility  essential  to  the  maintenance  of  adeouate  growth 
of  forage  for  livestock  and  wildlife. 

Although  structural  measures  are  needed  to  control  floodflows  to 
protect  existing  and  projected  economic  developments  In  the  flood  plains, 
non-structural  flood  plain  management  measures  are  an  essential  element 
of  the  program  for  flood  damage  reduction.  Non-structural  measures  will 
prevent  20  to  40  percent  of  future  flood  damage  In  urban  areas.  Timely 
zoning  of  the  flood  plain  before  development,  adoption  of  subdivision 
regulations  that  establish  realistic  standards  to  prevent  damage  from 
flooding,  use  of  flood  proofing  on  existing  and  future  facilities  In 
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floodways  and  sound  community  planning  can  be  effective  measures  to  reduce 
flood  damapes  and  to  prevent  adverse  ecological  effects.  In  many  urban 
areas,  non-structural  measures  will  supplement  protection  provided  by 
existing  or  proposed  reservoirs  and  by  necessary  levee  and  clianncl  worRs; 
in  other  areas,  non-structural  flood  plain  management  will  be  the  principal 
program  for  flood  control. 

A measure  of  the  accompl islnents  of  the  proposed  flood  control 
program  is  the  difference  in  average  annual  flood  damages  with  the  19b5 
program  and  with  the  future  program.  This  difference  is  indicated  bv 
subregions  in  the  following  tabulation. 


Rtibreglon 

: Estimated  average  annual 

: damage  reduction  in  SI 

flood 

.000 

: 19R0 

: 20nn 

: 

2020 

Creen  River 

302 

1,053 

2,115 

Upper  Main  Stem 

48  5 

1,431 

2,725 

San  Juan-Colorado 

153 

871 

1.904 

Region  totals 

940 

3,355 

8,744 

The  residual 
in  the  following 

damages  with  the  future  program  in 
tabulation. 

operation  are  shown 

Subregion  : 

Estimated  average  annual  flood  damages  in  $1,000 
with  future  flood  control  program  In  operation 

as  of  1985  : as  of  1980  : as 

of  2000 

: as  of  2020 

Green  River 
Upper  Main  Stem 
San  Juan-Colorado 

«98  1,187 

1,076  ],106 

718  R78 

1,253 
1 ,081 
1,085 

1,443 

1,258 

1.108 

Region  totals 

2,792  3,251 

3,419 

3,807 

The  effect  on 
control  program  is 


the  estimated  future  damages  by  the  projected  flood 
graphically  shown  in  the  figure  following  this  page. 
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Discussion 


The  objectives  of  this  appendix  are  to  inventory  the  flood  problems 
as  of  1965,  make  an  assessment  of  future  flood  problems  based  on  RI-ORFRS 
projections  of  population  and  economic  activity  in  the  region,  and  to 
outline  a plan  for  reduction  of  flood  damage.  The  appendix,  together 
with  15  other  appendixes  covering  other  pertinent  resources  subjects, 
are  used  to  formulate  a basin-wide  plan  for  the  preservation  and  the 
timely  development  and  management  of  the  water  and  related  land  resources 
of  the  region. 

The  future  flood  damage  reduction  program  consists  of  Improved  flood 
forecasting,  2,300,000  acre-feet  of  flood  control  storage  in  single-  and 
multiple-purpose  reservoirs,  9 miles  of  levees,  11  miles  of  channel  improve- 
ments, 7,112,000  acres  of  watershed  management,  land  treatment  and  water 
control  facilities,  flood  plain  zoning,  and  other  flood  plain  manageret-r 
measures.  Non-structural  measures  would  be  a primary  means  of  flood 
damage  reduction  as  well  as  a supplement  to  structural  measures. 

The  estimated  installation  cost  of  the  program,  based  on  duly  1965 
conditions  and  prices,  through  2020  is  $59.8  million,  of  which  $44.3 
million  would  be  a Federal  cost  and  $15.5  million  a non-Federal  cost. 

These  costs  do  not  include  the  estimated  costs  of  watershed  improvements 
related  to  flood  control  which  are  a part  of  the  costs  of  an  overall  water- 
shed program  proposed  in  Appendix  VIII,  Watershed  Management. 

The  reduction  in  average  annual  flood  damage  toi  the  program  is 
estimated  at  about  $6.7  million  by  year  2020. 

The  flood  control  program  presented  herein  was  devi'lopcd  speci- 
fically to  meet  the  needs  and  requirements  for  reduction  of  flood 
damage.  Coordination  with  plans  developed  to  satisfy  other  water  or 
land  resource  needs  will  be  required  to  avoid  adverse  effects  on  other 
resource  plans.  The  interrelationships  and  effects  of  the  flood  control 
program  on  the  resource  plans  are  discussed  in  the  General  Programs  and 
Alternatives  Appendix.  The  program  would  not  Involve  any  water  supply 
depletion  but,  in  connection  with  the  watershed  management  appendix, 
may  add  to  the  total  water  supply  of  the  region. 
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The  program  is  based  on  Rl-OBRRS  projections  of  population  and  economl' 
activities  7 11  llie  region.  Should  future  events  not  follow  the  projections, 
the  program  would  have  to  he  changed  to  meet  future  conditions.  Detailed 
investigations  made  prior  to  authorization  of  future  projects  may  indicate 
the  need  to  modify  the  program.  Accordingly,  the  program  presented  is 
to  he  considered  as  one  possible  alternative  to  the  solution  of  future 
flood  problems  in  the  region.  Other  possible  alternative  levels  of  devel- 
opment are  presented  in  Supplement  A. 

Ample  authority  exists  at  the  Federal  level  to  investigate  flood 
proble.ms  in  the  Upper  Colorado  Region  and  to  recommend  implementation 
of  programs  found  to  be  needed  and  feasible.  The  specific  authorities 
of  all  Federal  agencies  are  cited  in  Appendix  III,  Legal  and  Institu- 
tional Knviroiiments . Colorado  is  the  only  state  in  the  region  with 
legislative  authority  to  provide  the  necessary  local  assurances  for 
local  flood  protection  works  (levees  and  channels  and  multiple-purpose 
reservoirs  where  a portion  of  the  flood  control  costs  are  allocated 
to  the  local  interests).  In  states  that  do  not  have  tlie  authority  to 
provide  the  necessary  assurances,  the  responsibility  falls  to  the 
county  or  counties  in  which  the  works  are  located  or  would  be  benefited. 

The  local  share  of  project  costs  often  exceeds  the  financial  ability 
of  the  local  interests  and  may  prevent  or  delay  construction  of  needed 
projec  ts . 

Actions  to  implement  zoning,  building  regulations,  flood  proofing, 
and  non-str uc tura 1 flood  plain  management  practices  of  the  program  are 
presently  the  responsibility  of  local  governments.  Under  present  policy, 
tlie  Installation  and  annual  operation,  maintenance,  and  replacement 
costs  of  non-structural  flood  plain  management  programs  are  assigned  to 
the  local  interests.  Due  to  limited  financial  ability  of  local  interests, 
these  programs  may  not  be  Implemented  or  may  be  delayed.  It  is  possible 
that,  in  the  future,  costs  of  non-structural  flood  plain  management  programs 
miiy  be  shared  by  Federal  and  local  interests  depending  upon  the  merits 
of  individual  cases. 

Authority  exists  for  Federal  land  management  agencies  to  implement 
watershed  management  and  land  treatment  programs.  The  lack  of  funds 
remains  the  most  severe  constraint  in  the  implementation  of  watershed 
projects. 

The  programs  proposed  lierein  cannot  be  implemented  unless  the  needs 
develop  as  projected  and  ample  funds  for  investigation  and  construction 
are  r.ade  available  as  needed. 


50 


PART  VI 1 


DISCUSSION,  CONCLUSIONS,  AND  SUGGESTIONS 


Conclusions 


"lood  problems  exist  In  tl.e  Upper  Colorado  Region  and  steps  must 
It  taken  to  correct  tiiese  problems.  Damages  have  and  will  continue 
to  increase  due  to  the  recent  and  expected  future  population  Increases 
and  continued  urban  development  in  the  flood  plains.  Also,  as  a result 
of  more  intensive  use,  the  agricultural  areas  in  the  region  are  subject 
to  greater  damage  from  flooding.  Average  annual  flood  damages  in  the 
region,  based  on  1965  conditions  and  prices,  is  about  $2.8  million. 

Wltliout  additional  flood  damage  reduction  measures,  this  damage  is 
estimated  to  Increase  to  approximately  $4.2  million  by  1980,  $6.8 
million  by  2000,  and  $10.6  million  by  2020. 

In  addition  to  economic  considerations,  the  potential  danger  to 
life  is  present  from  rampaging  rivers  and  streams.  Appropriate  and 
timely  action  should  be  Initiated  to  reduce  this  threat  to  human  life 
and  excessive  losses  from  floods. 

Complete  flood  protection  is  an  unrealistic  goal  due  to  the  cost 
of  protection  in  comparison  to  losses  prevented  and  other  constraints 
such  as  the  need  or  desire  to  use  land  and  water  resources  for  purposes 
otiier  than  flood  control.  The  only  positive  way  to  eliminate  all  flood 
damage  is  either  through  the  use  of  structural  measures  to  provide 
protection  from  the  maximum  possible  flood  on  all  streams,  or  the  denial 
of  the  use  of  all  flood  plains  to  the  extent  of  the  maximum  possible 
flood  for  all  purposes.  Obviously,  neither  of  these  alternatives  is 
acceptable.  An  appropriate  degree  of  protection  or  flood  damage  reduction 
should  be  provided,  through  structural  and  non-s tructural  measures, 
consistent  with  other  uses  of  the  water  and  land  resources.  In  general, 
it  is  suggested  that  flood  protection  from  at  least  a once-in- 10-year 
flood  should  be  given  to  agricultural  areas  and  protection  from  the 
once-ln- 100-year  up  to  the  standard  project  flood  should  be  provided 
for  urban  areas.  Implementation  of  the  flood  damage  reduction  program 
as  presented  would  reduce  the  projected  flood  damages  to  $3.3  million 
by  1980,  to  $3.4  million  by  2000,  and  to  $3.8  million  by  2020. 


Suggestions 

It  is  suggested  that  the  future  flood  damage  reduction  plan  contained 
in  this  appendix  be  adopted  as  a general  guide  for  solving  the  flood 
problems  of  the  region.  The  proposed  possible  solutions  to  the  serious 
flood  problems  should  be  studied  In  detail  and  followed  by  timely  imple- 
mentation of  appropriate  damage  reduction  measures.  In  view  of  the  threat 
to  life  and  the  increasing  level  of  flood  damage,  which  is  projected  to 
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Incroa'ie  r**arly  fonrfo'U  Fy  202*^,  nocpssary  srpps  sFoulii  Ff  ’aVen  '■n 
as  ■ rp  r>:e  Inpl -went  a f ■)  or  of  fhe  oar’v  -irM'on  ptnsp  09^^-1080  moasurps) 
of  the  fuFurc  flood  control  program. 

Sonif  of  the  structural  and  iion-stmctural  measures  fn  the  earW 
action  phase  of  the  plan  are  currently  In  the  process  of  Imp! omenta t lor ; 
some  have  been  authorized  for  implementation;  and  some  are  in  the  late 
planning  stapes.  Planning,  authorization,  and  funding  procedures  shoiild 
be  reviewed  to  insure  that  these  measures  are  effective  wiien  needed. 

Other  suggestions  are  as  follows; 

a.  Sound  land  use  planning  to  guide  development  and  use  of  flood 
plains  is  an  Important  means  of  minimizing  flood  losses.  Existing 
authorities,  laws,  and  regulations  concerning  zoning,  subdivision 
regulations,  building  codes,  and  other  land  use  constraints  should  be 
examined  to  determine  their  adequacy  and  possible  need  for  change. 

Studies  should  also  be  made  to  determine  the  degree  to  which  Federal, 
state,  and  local  government  levels  should  participate  in  the  implemen- 
tation and  enforcement  of  such  constraints. 

b.  Planning  for  structural  flood  control  measures  to  allow  prudent 
use  of  the  flood  plains  should  include  investigation  of  potential  enhance- 
ments for  recreation  uses.  Improved  access,  and  aesthetic  qualities  to 
provide  the  best  use  of  the  environmental  resources  for  the  greatest 
number  of  people. 

c.  Steps  should  be  taken  to  encourage  greater  participation  by  the 
general  public  in  the  initial  investigation  and  planning  of  flood  damage 
reduction  programs  in  order  to  obtain  a better  evaluation  of  the  tangible 
and  intangible  effects  of  proposed  programs. 

d.  Adequate  planning  for  flood  damage  reduction  is  hampered  In 
many  areas  by  lack  of  hydrological  data.  Additional  data  are  needed 

for  the  study  and  definition  of  frequency,  area,  and  duration  of  localized 
cloudburst-type  floods.  Implementation  of  non-structural  flood  plain 
nanageanent  practices  and  the  flood  insurance  program  requires  additional 
hydrologic  data  to  better  determine  areas  and  frequency  of  inundation. 

e.  Current  studies  and  research  in  flood  forecasting  and  weather 
modification  fields  should  be  expanded,  together  with  appropriate 
training  of  "users,"  so  that  more  effective  use  may  be  made  of  the 
forecas  ts . 
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Trie  In  tr.is  apjervlix  pr'^sent  (.iata  concerning  I^st,  present 

rKx>i  jTOVl#*Tr.  in  t;w  Jp-I^er  Colorado  Ke^lon.  A brief  explanation 


(i96b),  anr3  projected  future 
of  the  tables  is  as  follovs: 


Table  1 - /.  tabulation  of  pea»^  flows  a:^i  fioofi  'laoB^es  for  selected  nlstoricai  floods,  rl'jod 

'buan^'es  rje  for  tlie  entire  study  area. 

Table  i - A*  tat.ulation  of  lata  on  the  effects  (‘lan»<.";  reduction)  iy65  projects  rial  on  tne  :ils* 
torlcal  flTOd  dnaa/**  sni-»wn  In  Tal*ie  1. 

Table  3 * A tabulation  of  estlniRted  lriaaM<?s  tJ»t  would  be  expected  on  certain  streams  by  a large 

flood  (one  occurrence  in  -iiX-  yt:ars  on  the  average)  if  the  economic  development  were 
the  same  as  in  1965, 


Table  4 * A tabulation  of  average  aniiual  flood  da-'iRges  to  selected  classifications  of  property 

on  representative  streams  In  tr«  region.  Data  for  small  tributaries  and  upstream 
watersne<^3  areas  are  covered  under  ‘Klsc,  Streams”. 

■^arle  5 "A  tabulation  of  average  anniial  flood  damage  in  1965  and  at  future  target  dates,  r'u* 
ture  damage  was  obtained  by  multiplying  tne  1966  damage  by  an  appropriate  development 
facti.;r , 


Table  6 * A tab'.iAtlon  of  the  floorl  control  capacity  of  reservoirs  In  existence  In  1965  and  of 

tnose  proposed  for  the  target  years. 

Table  7 ” A tabulation  of  data  concerning  levee  and  channel  Improv^nents  In  1965  and  If.  tJ.e  ;ro* 

posed  plan  for  tne  target  years. 

Table  8 “ This  table  Indicates  the  following  for  tne  region: 

Col.  2 “ r'lcod  damage  urxler  1966  economic  and  project  condltlons--frora  Table  4. 

Col.  3 “ Flood  damage  In  col.  2 projected  to  i960  economic  conditions. 

Col.  4 * Keiuctlon  In  flood  iamage  In  col.  3 credited  to  tr.e  1966-1990,  flood  control 

iTOgrams , 

Col.  5 - Darmv'^-3  r*-malnlng  In  1900  with  tne  1966-1960  flood  control  program  In  oper- 

ation. 

Col.  6 - Floofi  ‘ia.mges  under  20o0  economic  conditions  wltn  the  1966-1960  program  In 

oj^eratlon.  Values  were  obtained  by  .miitlplylng  col,  5 by  a levelopment  fac- 
tor based  on  projected  economic  ,o*owtr». 

Col.  7 - Heductlon  In  damages  crc'llted  to  tne  flood  control  program  proposed  for 

period  1981  to  2000. 

Col.  8 “ Flood  iamages  renalning  In  20u0  with  thje  1961  “2000  flood  control  pr_*gran  Ir. 

0{^ratlon. 

Col,  9 - Flood  damages  In  year  2020  with  l98l“2000  flood  c>)ntrol  pr  igram  In  operation. 

Values  were  obtained  by  multiplying  col.  8 by  a develoiraent  factor  based  on 
projected  economic  growth. 

Col.  10  - Damage  reduction  credited  to  tne  20ul-202u  flood  control  program. 

Col.  11  - Damages  remaining,  with  200i“2020  program  In  oieratlon.  Since  t^»e  prograiis 
In  each  time  frame  reduce  only  the  residual  iamages,  at  tne  erv^  jf  the  time 
frame,  trie  valxies  In  col,  11  represent  daiawes  remaining  after  all  time 
frame  ijrograras  are  in  operation. 


Table  9 - A tabulation  of  flood  da.mB«>,e  at  urban  areas  In  tne  region. 


TsU^le  9a  - A tabulation  of  urban  area  damage  projected  to  target  years. 


Table  9b  “ This  table  concerns  flood  lamage  In  urban  areas  aivl  Is  slml.ar  to  Tat le  8.  The  dis- 
cussions of  Table  8 apply  to  Tattle  9b. 

Tables  lO, 

lOa  & 10b“  A tabulation  of  estimated  costs  of  tne  flood  control  ^rograjM,  }TO^i)Se>1  for  th^  f^rlod 
1966“1980,  1983 “2000  and  20Ui-20t0,  respectively. 

Table  11  - A tabulation  of  data  concerning  tiie  imxlmura  floods  of  rec^jrd,  staii>lard  project  'lo>.xls, 
anil  I0u“year  fl>JOds,  on  selected  strea.ms,  Including  estimates  >f  tne  relvMrtlors  tr  ttir 
flow  of  these  floods  credited  to  tne  iropose«l  floorl  control  jgraa. 
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SUPPLEMENT  A 


Alternative  Levels  of  Development 


The  projections  of  future  flood  damages  and  the  associated  flood 
control  program  for  this  study  were  formulated  using  the  RI-OBERS  level 
of  future  development.  As  alternatives  to  this  level  of  development, 
average  annual  flood  damage  projections  based  upon  baseline  OBERS  (1968) 
and  the  consumptive  use  of  6.5  and  8.16  million  acre-feet  of  water  per 
annum  In  the  Upper  Colorado  Region  were  developed.  These  alternatives 
to  the  RI-OBERS  level  of  development  are  briefly  described  In  the 
following  paragraphs.  Population  projections  associated  with  these 
alternative  levels  of  development  are  graphically  depicted  in  the 
figure  following  page  A-2. 


Baseline  OBERS  (1968) 

The  Office  of  Business  Economics,  Department  of  Commerce  and  the 
Economic  Research  Service,  Department  of  Agriculture  (OBERS)  projection 
series  comprise  a national-regional  set  of  projections  which  equates 
national  demand  with  supply  and  provides  a first  approach  to  consistent 
regional  projections  based  on  historic  trends  In  Interregional  production 
relationships.  The  OBERS  series  provided  projections  of  population, 
employment,  and  personal  Income  at  the  regional  and  subregional  levels 
for  the  target  years  1980,  2000,  and  2020,  based  upon  the  Series  C 
population  assumption.  In  addition,  highly  aggregated  regional  projections 
of  such  Items  as  production  and  acreages  for  the  agricultural  and  forestry 
sectors  of  the  economy  were  also  provided.  Generally,  baseline  OBERS 
constitutes  a somewhat  lower  projection  series  than  RI-OBERS.  Significant 
reductions  In  the  level  of  output  associated  with  agriculture,  mining, 
manufacturing,  and  electric  energy  were  projected  under  baseline  OBERS 
as  compared  to  the  RI-OBERS  level  of  development. 


States'  Alternative  at  6.5  Million  Acre-feet 


The  consumptive  use  of  6.5  million  acre-feet  of  water  per  annum 
approximates  the  upper  limit  on  land  and  water  development  In  the  Upper 
Colorado  Region  under  terms  of  the  Colorado  River  Compact,  without  an 
augmented  water  supply.  The  projected  state  distribution  of  water  for 
consumptive  use  coincides  with  the  percentage  allotments  under  the 
Compact  with  adjustments  In  types  of  uses  expressed  by  the  respective 
states.  The  principal  differences  from  the  RI-OBERS  projections  are: 


(1)  the  increased  use  of  coal  and  water  resources  in  the  production  of 
electric  energy  in  Colorado,  New  Mexico,  tTtaii,  and  Wyoming;  (2)  the 
addition  of  an  oil  shale  Industry  in  Utah  and  Colorado;  and  (3)  the 
reduction  of  water  use  for  irrigated  agriculture. 


States'  Alternative  at  8.16  Million  Acre-feet 


Tlie  consumptive  use  of  8.16  million  acre-feet  of  water  per  annum 
in  the  Upper  Colorado  Region  was  determined  to  be  the  reasorvable  limit 
within  which  the  states  could  afford  the  cost  of  water  augmentation 
that  would  be  required  to  develop  related  land  resources.  This  plan 
of  development  assumes  the  Colorado  River  water  supply  would  be  firmed 
to  meet  the  division  of  water  by  the  Colorado  River  Compact.  Generally, 
the  changes  from  the  RI-OBERS  projected  level  of  development  included 
increases  in  the  outputs  projected  for  oil  shale,  coal  by-products, 
potash,  trona,  electric  energy,  fish  and  wildlife,  irrigated  land,  and 
exports  of  water  outside  the  region. 


Effect  of  Alternative  Projections  on  RI-OBERS 
Flood  Control  Program 

A comparison  of  the  average  annual  flood  damages  under  the  various 
levels  of  future  development  is  set  forth  in  the  figure  following  this 
page.  Average  annual  flood  damages  for  all  the  various  levels  of  future 
development  under  present  (1965)  project  conditions  are  estimated  to 
reach  or  exceed  $10  million  by  2020.  Residual  average  annual  flood 
damages  under  the  various  levels  of  future  development  with  the  RI-OBERS 
flood  control  program  are  also  presented  in  the  figure.  It  can  be  seen 
from  this  figure  that  the  differences  in  flood  damages  due  to  the  different 
projections  are  small  and  no  major  adjustment  would  have  to  be  made  to  the 
RI-OBERS  flood  control  program  to  provide  a reasonable  degree  of  flood 
protection  under  the  alternative  levels  of  development.  No  specific 
analysis  was  made  for  the  OBERS  (1969)  and  Water  Supply  Available  at 
Site  alternatives  but  preliminary  indications  are  that  they  would  have 
little  effect  on  the  magnitude  of  future  flood  damages  and  the  future 
flood  control  program  in  the  region. 
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Glossary  of  Terms 


Acre-foot.  - A unit  of  volume  of  water  equal  to  the  volume  of  a 
prism  one  foot  high  with  a base  one  acre  in  area. 

Annual  OM&R  cost.  - The  value  of  goods  and  services  needed  to 
operate  a constructed  project  and  make  repairs  and  replacements 
necessary  to  maintain  the  project  in  sound  operating  condition 
during  its  economic,  life. 

Antecedent  ; t ecipiU- tioii.  - Precipitation  that  occurred  prior  to 
the  particular  event,  cf -diticn,  or  tine  under  consideration.  Usually 
it  applies  to  that  prior  precipitation  which  is  still  effective  in 
rodifying  infiltration  or  lai.off. 

Average  annual  flood  dac.~".cs.  - The  weighted  average  ci  all  flood 

damages  that  would  tc  expwwt. _o  occur  yearly  uncer  specified  economic 

conditions  and  development.  Such  demages  are  computed  on  t'.  e basis  of 
the  expectancy  in  any  one  year  I the  amounts  c;  d image  that  would 
result  from  events  throughout  the  full  range  of  potent i.l  magnituoe. 

Bypass . - A ci.annel  carr'  Ing  v iti  ci.ro' nd  a part  of  and  h'ck  to 
the  main  stream. 

Channel.  - A r.ati^ai  or  -:  .f....al  ater  course  with  de.‘ l.iite 
bed  and  banks  to  confine  and  endue t continuously  or  perlodlcallv 
flowing  water. 

Detention  structu'^o  (dam  - A atrnctirt  constr  •'•ed  For  the 
ctmporary  storage  of  tioodtlows  where  tlie  opening  .or  release  is  of 
1 fixed  capacity  and  not  manually  operated. 

Development  factors.  - Development  factors  are  useo  m the  projection 
of  economic  growth  parameters  (such  as  residential,  commercial,  agri- 
culture, public  facilities,  etc.)  to  the  various  time  frames.  These 
factors  are  based  on  population  projections,  emvloyrent,  per  capita 
Income,  recreation  demand,  etc. 

Flood  control  capaclt.  . - Ti  nt  pan  of  the  gross  i •'fw.rvolr  capacity 
• nlch,  at  the  time  under  considers clor.,  is  reserved  for  ttie  temporary 
storage  of  floodwaters.  It  can  vary  fr ’m  zero  to  the  entire  capacity 
(exclusive  of  In^tive  storage)  according  to  a predetermined  schedule 
baaed  upon  such  parameters  as  antecedeifl  precipitation,  reservoir 
Inflow,  potential  sno%nelt,  or  downstream  channel  capacities. 


Flood  forecastinR.  - Flood  forecasts  are  primarily  the  responsi- 
bility of  the  National  Weather  Service,  National  Oceanic  Atmospheric 
Administration  and  are  used  to  predict  flood  stages  and  Indicates 
areas  subject  to  flooding. 

Flood  plain.  - The  relatively  flat  area  adjacent  to  rivers  or 
streams  subject  to  overflow. 

Flood  plain,  primary.  - The  streambed  and  that  portion  of  the 
adjacent  flood  plain  through  which  the  main  water  flow  is  channelized 
during  flood  conditions. 

Flood  plain,  secondary.  - The  fringe  area  of  the  flood  plain 
within  the  boundaries  of  the  selected  flood  which  is  subject  to  a 
less  severe  and  less  frequent  inundation  than  found  in  the  primary 
flood  plain  in  times  of  flooding. 

Flood  plain  information  reports.  - A factual  report  describing 
historical  floods  and  the  extent  and  depth  of  floods,  velocities,  and 
obstruction  associated  with  two  large  future  floods.  These  reports 
are  prepared  at  the  request  of  local  public  entities  and  indorsed  by 
the  appropriate  state. 

Flood  frequency.  - The  average  interval  of  time  between  floods 
equal  to  or  greater  than  a specified  discharge  or  stage.  It  is 
generally  expressed  in  years. 

Inactive  storage.  - That  capacity  below  which  a reservoir  is  not 
normally  drawn,  and  which  is  provided  for  sedimentation,  recreation, 
fish  and  wildlife,  for  purely  aesthetic  reasons,  or  for  creation  of 
a minimum  controlled  operational  or  power  head  in  compliance  with 
operating  agreements  or  restrictions. 

Installation  costs.  - The  value  of  goods  and  services  necessary 
for  the  establishment  of  the  project,  including  initial  project  con- 
struction; land,  easements,  right-of-way,  and  water  rights;  capital 
outlays  to  relocate  facilities  or  prevent  damages;  and  all  other 
expenditures  for  investigations  and  surveys,  and  designing,  planning, 
and  constructing  a project  after  its  authorization  (excludes  interest 
during  construction).  Also  called  project  first  costs. 

Land  treatment  measures.  - A tillage  practice,  a pattern  of 
tillage  or  land  use,  or  land  or  management  facility  improvements  to 
alter  runoff,  reduce  sediment  production,  improve  use  of  drainage 
and  irrigation  facilities,  or  Improve  plant  or  animal  production. 

Levees . - A small  continuous  dike  or  ridge  of  earth  for  confining 
f loodflows . 


B-2 


Peak  flow.  - The  maximum  instantaneous  discharge  of  a stream  or 
river  at  a given  location.  It  usually  occurs  at  or  near  the  time  of 
maximum  stage. 

Residual  average  annual  flood  damages.  - Those  flood  damages 
which  are  not  prevented  by  a flood  control  project.  They  may  or 
may  not  be  preventible  by  other  flood  control  measures  (including 
both  structural  and  non-s true tural  means). 

Standard  project  flood.  - A hypothetical  flood  representing  the 
most  critical  flood  runoff  volume  and  peak  discharge  that  may  be 
expected  from  the  most  severe  combination  of  meteorologlc  and  hydro- 
logic  conditions  that  are  considered  reasonably  characteristic  for 
the  hydrologic  region  involved,  excluding  extremely  rare  combinations. 

Watershed.  - All  lands  enclosed  by  a continuous  hydrologic 
drainage  divide  and  lying  upslope  from  a specified  point  on  a stream. 

Watershed  projects.  - Structural  ai.u  non-s true tural  measures  to 
preserve  or  restore  watersheds  to  good  hydrc’cgic  conditions.  Tliese 
m-sasures  may  include  detention  leservoirs,  dikes,  channels.,  contour 
trenches,  terraces,  furro  ’S,  gully  plugs,  revegetation,  and  possibly 
other  practices  to  reduce  flood  peaks  and  sediment  production. 
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